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Background

Alcohol is the most frequently used drug in Western countries: about 85% of the adults 
in Europe drank alcohol in the past year [1] and according to Statistics Netherlands, Dutch 
drinkers consume on average one alcoholic drink every day [2]. The strong embedding 
of alcohol in society is marked by the central role of alcohol use in social interactions [3]. 
Common motives to drink are: to relax, to get a good or pleasant feeling, because it is 
fun or sociable, or because it is part of a celebration [4]. These positive aspects aside, 
important downsides of alcohol use should not be ignored: excessive alcohol use is 
probably more harmful for the individual and society than the use of most illicit drugs 
[5-7]. Although drinking is often considered a social convention, maladaptive drinking 
patterns can interfere substantially with social functioning, as well as with family life, 
career, school and with mental and physical health [8-10]. This interference may be 
indicative of the presence of an alcohol use disorder (see Tables 1.1 and 1.2). In the 
fourth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM), two 
alcohol use disorders are distinguished based on number and type of criteria: alcohol 
abuse (≥ 1 of 4 criteria) and dependence (≥ 3 of 7 criteria) [11]. The recently introduced 
fifth edition of the DSM defines a single alcohol use disorder based on a combination 
of DSM-IV abuse and dependence criteria (≥ 2 of 11 criteria) with different levels of 
severity depending on the number of criteria that are met (mild: 2-3 criteria; moderate: 
4-5 criteria; severe: ≥ 6 criteria) [12]. 

Alcohol use disorders affect approximately 76 million people worldwide [13] and 
about half a million people in the Netherlands [14]. Particularly alcohol dependence is 
associated with a high disease burden [10;15] and with mortality [16]: about two-thirds 
of all alcohol-related mortality is caused by the 4% of alcohol users with a diagnosis 
of alcohol dependence [17]. Therefore, prevention and treatment of, especially severe, 
alcohol use disorders should be considered a public health priority. In order to plan 
prevention and treatment, information is needed about alcohol use disorders, their 
course and their risk indicators in the general population. However, current knowledge is 
strongly skewed because of the emphasis of research on alcohol use disorders in clinical 
samples, i.e. the subgroup of people who entered treatment and often have very severe 
alcohol use disorders and serious comorbidity. However, most people with an alcohol use 
disorder do not enter treatment [18]. Although longitudinal population-based research 
is costly and complex, it is crucial to increase our understanding of demographic and 
clinical characteristics of alcohol use disorders in the general population, such as age, 
sex, chronicity of the disorder, level of impairment, consumption level and comorbid 
psychopathology. This information is needed to efficiently target prevention and 
treatment to those cases in greatest need for help.

Notably, the few existing community studies suggest that alcohol use disorders 
in the general population are generally milder than in clinical samples and that valid 
notions in clinical samples may not be true in the general population (e.g. an alcohol 
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Table 1.1. Definitions of alcohol use disorder according to the two versions of the Diagnostic and Statistical 
Manual of Mental Disorders (DSM): DSM-IV and DSM-5.

A maladaptive pattern of alcohol use, leading to clinically significant impairment or distress…

DSM-IV: Alcohol Abuse

…as manifested by at least 1 (or more) of the following, occurring within a 12-month period:

1. Recurrent alcohol use resulting in a failure to fulfill major role obligations at work, school, or home.
2. Recurrent alcohol use in situations in which it is physically hazardous.
3. Recurrent alcohol-related legal problems. 
4. Continued alcohol use despite having persistent or recurrent social or interpersonal problems caused or 

exacerbated by the effects of alcohol.

DSM-IV: Alcohol Dependence

…as manifested by 3 (or more) of the following, occurring at any time in the same 12-month period:

1. Tolerance, as defined by either of the following: 
a. A need for markedly increased amounts of alcohol to achieve intoxication or desired effect.
b. A markedly diminished effect with continued use of the same amount of alcohol.

2. Withdrawal, as manifested by either of the following: 
a. The characteristic withdrawal syndrome for alcohol. 
b. Alcohol is taken to relieve or avoid withdrawal symptoms. 

3. Alcohol is often taken in larger amounts or over a longer period than was intended.
4. There is a persistent desire or unsuccessful efforts to cut down or control alcohol use.
5. A great deal of time is spent in activities necessary to obtain alcohol, use alcohol, or recover from its effects.
6. Important social, occupational, or recreational activities are given up or reduced because of alcohol use.
7. Alcohol use is continued despite knowledge of having a persistent or recurrent physical or psychological 

problem that is likely to have been caused or exacerbated by alcohol.

DSM-5: Alcohol use disorder

…as manifested by at least 2 of the following, occurring at any time in the same 12-month period:

Craving, or a strong desire or urge to use alcohol.
2-11. All abuse and dependence criteria indicated above, except abuse criterion 3 (‘legal problems’).

use disorder is inherently related to excessive drinking; an alcohol use disorder is a 
chronic illness; all people with an alcohol use disorder need treatment) [19-22]. Hence, 
besides identification of those groups in the general population that are more likely to 
develop alcohol problems, examination of the disorder itself in the general population 
is crucial. Among others, these studies should investigate the following questions: to 
which degree are alcohol use disorders related to the level of alcohol intake, what 
determines whether individuals reach (stable) remission while others do not, and is 
treatment seeking related to the level of drinking or the severity of the alcohol use 
disorder? Therefore, this thesis maps the onset, course and treatment of alcohol use 
disorders in the general population. It examines potential risk indicators of a severe or 
persistent disorder with specific consideration for possible effects of the level of alcohol 
intake. These issues are examined using data from the second Netherlands Mental 
Health Survey and Incidence Study (NEMESIS-2), a longitudinal population-based study 
among Dutch adults aged 18-64.

10
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Onset of drinking and of alcohol use disorders
Previous research has shown that environmental factors, including parental and school 
influences [19], play an important role in initiation of alcohol use, but that their effect 
on the development of problem drinking and the onset of alcohol use disorders is 
relatively small [20]. However, specific influences, such as childhood psychopathology 
and traumatic experiences, are important to identify who is at risk of problem drinking 
or the onset of an alcohol use disorder [20;21]. This thesis specifically focuses on 
one such influence: the presence of attention-deficit/hyperactivity disorder (ADHD) in 
childhood. This focus was chosen because previous research suggests that childhood 
ADHD may be especially useful for timely detection of alcohol-related problems: ADHD 
generally presents itself at an early age and meta-analyses have shown that ADHD is 
related to a higher prevalence of alcohol use disorder [27;28]. However, the nature of 
the link between ADHD and alcohol use disorders is not completely clear and other 
factors may play an important (confounding) role in this relation [27]. One such factor 
is conduct disorder (CD): children with ADHD often have a comorbid CD [29], which 
is also associated with a high risk of alcohol use disorders [30;31]. Previous research 
showed that children with both ADHD and CD have a higher rate of alcohol use 
disorders than children with only ADHD [32;33]. The few studies explicitly addressing 
the role of CD in the association between ADHD and alcohol use (disorder) were 
inconclusive and pointed to different underlying processes [34-39]. Moreover, most of 
these studies focused on adolescents or young adults [35-39] and were thus limited 
to early onset alcohol use disorders. To extend our knowledge into later alcohol use 
disorders, this thesis examines the role of CD in the relationship of childhood ADHD 
with alcohol use and alcohol use disorder using retrospective data of a large adult 
general population sample. 

Table 1.2. Alcohol use disorder: DSM-IV vs. DSM-5

The fifth edition of the DSM was released in 2013 [12]. Instead of the two disorders defined in DSM-IV (alcohol 
abuse [≥ 1 of 4 criteria] and alcohol dependence [≥ 3 of 7 criteria]) [11], DSM-5 has only one alcohol use disorder 
with three severity levels: mild (2-3 of 11 criteria), moderate (4-5 of 11 criteria), and severe (≥ 6 of 11 criteria) 
alcohol use disorder. The main reasons for these changes were [59;60]: 
•	 Limited reliability, validity and clinical relevance of alcohol abuse. Alcohol abuse only required presence of 

one criterion, a diagnosis could thus easily be obtained and was associated with limited stability [61]. DSM-5 
removed the diagnosis alcohol abuse and the threshold for an alcohol use disorder diagnosis was set at 
presence of two criteria. 

•	 Although people with two dependence criteria but no alcohol abuse generally showed more severe pathology 
than those with a single abuse criterion, they were not diagnosed with an alcohol use disorder in DSM-IV 
[62;63]. With the new DSM-5 threshold of two or more criteria, these individuals are diagnosed with a mild 
alcohol use disorder.

•	 The DSM-IV assumed that abuse preceded the development of alcohol dependence, but research showed 
otherwise: abuse and dependence criteria are arrayed along a continuum of severity with abuse criteria 
not always representing the lower level of severity [64]. Therefore, abuse and dependence criteria are 
combined in DSM-5. Notably, one criterion (legal problems) was removed and another criterion (craving) 
was added. 

11
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Relationship between excessive drinking and alcohol use disorder
The diagnosis of an alcohol use disorder according to psychiatric classification systems 
such as the International Classification of Diseases (ICD) and the Diagnostic and 
Statistical Manual of Mental Disorders (DSM) does not require a minimum level of 
alcohol consumption [11;12]. It could be argued that excessive drinking is necessary for 
the development of alcohol-related problems and therefore is an implicit characteristic of 
the disorder. Although this widespread assumption is supported by the frequently quoted 
strong link between alcohol use disorders and heavy drinking [8;40;41], findings from 
the first Netherlands Mental Health Survey and Incidence Study (NEMESIS-1) revealed 
that this notion is not true for the majority of individuals in the general population with 
an alcohol use disorder [42]. Only one-third of the individuals with DSM-III-R alcohol 
abuse and only half of those with alcohol dependence were risky drinkers, defined as 
drinking more than 14/21 (women/men) drinks per week. In addition, other community 
studies showed that alcohol-related problems may already occur at relatively low levels 
of consumption [43;44]. However, the limited overlap between alcohol consumption 
levels and the presence of alcohol use disorders is not properly understood, partly 
because these aspects of problematic alcohol use are generally examined separately. 
Psychiatric surveys mainly report on alcohol use disorder diagnoses without addressing 
related alcohol consumption levels, whereas public health studies tend to focus on 
excessive drinking and largely disregard the presence of alcohol use disorders [45]. 

Simultaneous investigation of excessive drinking and alcohol use disorder is needed 
to gain more insight in the degree of overlap, and to increase our knowledge about 
different groups of problematic alcohol users: excessive drinkers without alcohol-related 
problems, people with alcohol-related problems who do not drink excessively, and 
people with both characteristics. Moreover, these subgroups may be associated with 
different patterns of comorbid psychopathology (e.g. mood or anxiety disorders) or 
functioning. Information regarding such clinical characteristics could thus provide an 
indication of the clinical relevance of the subgroups. This thesis will therefore address 
the overlap and differences between excessive drinking and alcohol use disorders by 
comparing characteristics of excessive drinking only, alcohol use disorder only or both. 

Course of alcohol use disorders
Research among patients in addiction treatment suggests that the course of alcohol 
use disorder is usually chronic and associated with repeated relapses [19]. Information 
regarding the course of alcohol use disorder in the general population is scarce, 
mainly because this requires longitudinal population-based research. Yet, the course 
of alcohol use disorder in the general population has been mapped out by two such 
studies: NEMESIS-1 and the National Epidemiologic Survey on Alcohol and Related 
Conditions (NESARC), conducted in the United States. In contrast with observations in 
clinical samples, these community studies observed that alcohol use disorders in the 
general population generally have a favorable course: approximately 60-85% showed 
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spontaneous (i.e. without formal treatment) diagnostic remission within three years 
[20;46], with only a small minority of those in remission experiencing relapse [20;21]. 

Given these high sustained spontaneous remission rates it seems essential to identify 
risk indicators for the minority with an alcohol use disorder in the general population 
at risk of a persistent or relapsing course. Specifically, such indicators may improve 
allocation of care as low intensity interventions could be sufficient for most people while 
those at risk of a persistent course may need more intensive treatment. Predictors of 
a chronic course in the general population are available only from the NESARC study, 
showing that neither sociodemographics nor the presence of psychiatric comorbidity 
were strongly associated with the persistence of an alcohol use disorder. However, a 
higher number of alcohol use disorder criteria (i.e. severity) did predict both a persistent 
course [22] and relapse [21]. Persistence was also associated with a higher level of alcohol 
consumption [22], but the role of consumption was not examined with respect to relapse. 
This thesis extends the previous observations in two important ways. First, it aims to 
replicate the findings of NESARC regarding the persistence of alcohol use disorders in 
order to verify the validity of these findings for the Netherlands. Second, it aims to study 
the role of the level of alcohol consumption on relapse after diagnostic remission. This 
is important, because diagnostic remission from an alcohol use disorder is not the same 
as abstinence from alcohol use since continued high levels of drinking may occur during 
remission. This would not only suggest that high remission rates should be interpreted 
with caution, it may in fact mark an increased risk of relapse of an alcohol use disorder. 

Treatment seeking for alcohol use disorders
A robust worldwide finding of previous research has been that the number of individuals 
with an alcohol use disorder greatly exceeds the number of people in treatment [47]. 
This is also true for the Netherlands. According to NEMESIS-2, approximately 478,000 
adults aged 18-64 were affected by an alcohol use disorder in The Netherlands in the 
period 2007 to 2009 [14]. However, according to the Dutch national alcohol and drugs 
information system (LADIS), only a little over 30,000 people (i.e. 6.5% of those with an 
alcohol use disorder) entered addiction treatment because of alcohol problems in 2008 
[48]. This very low rate of addiction treatment for people with an alcohol use disorder 
has been stable for the past five years [48].

Concerns about this treatment gap have been raised for decades [49-51], and several 
solutions have been proposed [52]. However, the magnitude of the treatment gap can 
be questioned given the high spontaneous remission rate of alcohol use disorders in the 
general population [20;22]. It is undesirable when severe cases do not receive treatment, 
but when non-treatment users turn out to be mild cases with a favorable course, 
their decision not to seek treatment may be justified and cost-effective. It is therefore 
important to understand to what extend severe clinical characteristics of alcohol use 
disorder are associated with treatment seeking. This has not been examined in the 
Netherlands so far, but a study in the United States found that illness severity in terms 
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of number of criteria and impairment played a role in the decision to seek treatment 
[18]. However, the level of consumption was not taken into account in that study. 
Particular attention should be paid to the potential unmet need for treatment of two 
distinct groups. First, people who do not seek treatment specifically for their alcohol 
problems but who do seek treatment for their comorbid mental health problems. When 
needed, these individuals can for example be guided to additional alcohol treatment via 
attention to dual diagnosis [53]. Second, people who neither seek treatment for mental 
health nor for alcohol problems. This group is more difficult to reach but possibly their 
unmet need for treatment could be signaled when they make a primary care visit for 
physical problems related to their excessive drinking [54]. 

Method

In this thesis, the onset, course and treatment of people with an alcohol use disorder in 
the general population are examined using data from the second Netherlands Mental 
Health Survey and Incidence Study (NEMESIS-2). NEMESIS-2 is an ongoing prospective 
cohort study examining the prevalence, incidence, course and consequences of mental 
disorders - including alcohol use disorders - in the general Dutch adult population. For 
the present thesis, data from the first two waves were available. 

NEMESIS-2 is based on a multistage, stratified, random sampling of households, 
with one respondent randomly selected in each household. In the first wave (T0), 
performed from November 2007 to July 2009, a total of 6,646 persons aged 18-64 
were interviewed (response: 65.1%). The average interview duration was 95 minutes. 
This sample was nationally representative, although younger subjects were somewhat 
underrepresented [55]. All T0 respondents were approached for follow-up (T1), three 
years after T0 from November 2010 to June 2012. Of this group, a total of 5,303 persons 
were interviewed again (response: 80.4%, with those deceased excluded). The average 
interview duration at the second wave was 84 minutes and the mean period between 
the two interviews was 3 years and 7 days. Attrition was not significantly linked to 
any of 12-month mental disorders at baseline, after controlling for sociodemographic 
variables such as age and sex [56]. Note that this was also true for the mental disorders 
under study here, alcohol use disorders. 

Both waves consisted of a face-to-face interview, mostly held at the respondents’ 
home. The assessment included detailed information on sociodemographics, mental 
and physical functioning, service utilization, and mental disorders (i.e. externalizing 
childhood disorders, mood disorders, anxiety disorders, and substance use disorders). 
More specific, mental disorders according to the criteria of the fourth edition of the 
Diagnostic and Statistical Manual of Mental Disorders (DSM-IV [11]) were assessed 
using the third version of the Composite International Diagnostic Interview (CIDI 3.0) 
[57]. Clinical calibration studies conducted in various countries have found that the CIDI 
3.0 assesses anxiety, mood and substance use disorders with generally good validity 

14



G
en

er
a

l in
tro

d
u

c
tio

n

1
compared to blinded clinical reappraisal interviews [58]. Besides the diagnosis of alcohol 
use disorders, the alcohol section of the CIDI 3.0 also assesses: onset and recency of the 
disorder; age of first alcohol use and age of first regular use; quantity and frequency 
of alcohol use in the past 12 months and in a person’s most severe drinking period; 
the degree of alcohol-related functional impairment; and treatment contact for alcohol 
problems. In NEMESIS-2, a lifetime CIDI version was used at T0; a CIDI version with 
the period between T0 and T1 as timeframe was used at T1. Both at T0 and T1, also the 
presence of 12-month mental disorders was assessed. 

aiMs and outline of this thesis

The main objective of this thesis is to enhance our understanding of the onset, course 
and treatment of alcohol use disorder in the general population, with special emphasis 
on the role of ADHD and CD in the onset of alcohol use disorders and the level 
of alcohol consumption in remission and relapse. The core aspects of the thesis are 
described below. Notably, the fifth version of the Diagnostic and Statistical Manual 
of Mental Disorders (DSM), introducing a single alcohol use disorder, appeared in the 
period that NEMESIS-2 was conducted and the chapters of this thesis were written [12]. 
To provide up-to-date findings, the chapters that were written after the DSM-5 release 
(chapter 3 to chapter 6) focused on the DSM-5 alcohol use disorder.
•	 Chapter 2 retrospectively examines the relationship of childhood ADHD and CD 

with (age of) onset of three stages of alcohol use measured at T0: alcohol initiation, 
regular drinking (defined as ≥ 12 drinks per year), and DSM-IV alcohol use disorder. 

•	 Chapter 3 examines the cross-sectional overlap between excessive alcohol 
consumption and both DSM-IV and DSM-5 alcohol use disorder at T0. Three subgroups 
of problematic drinkers (excessive drinking only, alcohol use disorder only, excessive 
drinking and alcohol use disorder) are compared with non-problematic drinkers on 
demographics, psychiatric comorbidity, functioning and treatment utilization. 

•	 Chapter 4 investigates 3-year persistence rates and predictors of a persistent course 
of DSM-5 alcohol use disorders. Special attention is paid to the level of alcohol 
consumption in those achieving diagnostic remission. 

•	 Chapter 5 examines relapse at T1 among those people with a lifetime but not 
a past-year DSM-5 alcohol use disorder at T0. Also, predictors of relapse were 
examined with special emphasis on the number of lifetime alcohol use disorder 
criteria and the level of alcohol consumption. 

•	 Chapter 6 examines the 4-year treatment gap for DSM-5 alcohol use disorders. The 
process of treatment seeking is addressed by an examination of determinants of 
treatment seeking as well as by an investigation of how those without specialized 
alcohol treatment are functioning at follow-up. 

•	 Chapter 7 summarizes and discusses the main findings of the studies included in 
this thesis. 
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aBstract

Background
Much is unclear about the association between attention-deficit/hyperactivity disorder 
(ADHD) and alcohol use (disorder). Research on this subject is hindered by the role of 
conduct disorder (CD). We investigate whether (i) childhood ADHD is associated with 
higher prevalence and earlier onset of alcohol initiation, regular alcohol use and alcohol 
use disorder (AUD); (ii) CD mediates or modifies this association. 

Methods
Data were derived from the baseline assessment of the Netherlands Mental Health 
Survey and Incidence Study-2, a general population study. ADHD and CD were assessed 
among respondents aged 18-44 (n = 3,309). ADHD, CD, and alcohol use (disorder) were 
assessed using the Composite International Diagnostic Interview 3.0. 

Results
Lifetime prevalence was 2.9% for ADHD, 5.6% for CD, 94.3% for alcohol initiation, 
85.7% for regular alcohol use and 19.0% for AUD; mean ages of onset were 6.7, 11.5, 
14.8, 16.7 and 19.2 years, respectively. After correction for gender and age, ADHD 
was associated with a higher prevalence of all three stages of alcohol use, but not 
with earlier onset of these stages. The association between ADHD and prevalence of 
AUD was fully explained by a mediating role of CD. CD did not modify the associations 
between ADHD and prevalence and onset of alcohol use (disorder). 

Conclusions
The mediating role of CD in the association between ADHD and AUD suggests a 
developmental pathway from ADHD to CD and subsequent AUD. Early interventions 
in children with ADHD may prevent CD and subsequent onset of AUD.

Marlous Tuithof, Margreet ten Have, Wim van den Brink, Wilma Vollebergh, 
Ron de Graaf
Published in Drug and Alcohol Dependence (2012) 123: 115-121.

22



A
D

H
D

, C
D

, A
n

D
 o

n
set o

f A
lC

o
H

o
l u

se (D
iso

rD
er)

2

introduction

Clinical and epidemiological studies indicate that childhood attention-deficit/
hyperactivity disorder (ADHD) is associated with a higher prevalence [1-7] and an earlier 
onset [6-9] of alcohol use and of alcohol use disorder (AUD). However, results have been 
inconsistent, especially with regard to the prevalence of alcohol use [2;5;10-12]. Recent 
meta-analyses on this matter suggest a significant effect of ADHD on the prevalence 
of AUD [10;13], but not on alcohol use [10]. Lee et al. [10] concluded, however, that 
the results on which they based their conclusions were somewhat heterogeneous, 
indicating that other factors might play a role in the association between ADHD and 
alcohol use (disorder). This is further demonstrated by the finding that conduct disorder 
(CD) is highly associated with both ADHD [14-16] and alcohol use (disorder) [4;17]. 
Children with ADHD as well as CD have a higher rate of AUD compared to children 
with ADHD only [18;19]; thus CD possibly confounds the assumed association between 
ADHD and AUD. Many studies, however, failed to examine explicitly the role of CD in 
this association [2-10]. 

Studies that tried to identify the association between ADHD, CD, and alcohol use 
(disorder) [1;12;20-23] can be divided into two approaches. The first approach suggests 
a developmental sequence with ADHD influencing the development of CD, which in 
turn results in a higher risk of alcohol use (disorder) [20]. This so-called mediating 
role of CD has been found in prospective studies focusing on the role of CD in the 
association between ADHD and substance use disorder [15;23-25]. Most of these 
studies focused on substance use disorder in general, only one [23] explicitly addressed 
alcohol use (disorder) in young adulthood. Unfortunately, this study measured attention 
and conduct problems and did not define ADHD and CD according to the Diagnostic 
and Statistical Manual of Mental Disorders (DSM) [26]. Thus, it is still not clear whether 
there actually is a mediating role of CD in the association between ADHD and alcohol 
use (disorder). The second approach suggests that children with both ADHD and CD 
represent a distinct subgroup which has an additionally increased risk of alcohol use 
(disorder) compared to children with ADHD only or CD only. However, studies on this 
modifying role of CD have shown conflicting results [1;12;21;22]. Specifically, only one 
study supported the idea that children with both ADHD and CD have an additionally 
increased risk of AUD [1]. Other studies [12;21;22] found that children with both ADHD 
and CD had a higher prevalence of alcohol use (disorder) compared to children with 
ADHD only or CD only, but the risk of alcohol use (disorder) was not additionally 
increased in this group of children. Differences in sampling design could play a role 
in these mixed findings. Knop et al. [1] focused on adults, others on adolescents 
[12;21] or young adults [22]. The differential results could imply that the modifying 
role of CD begins to express itself in adulthood. However, further examination of this 
hypothesis is needed. Thus, research on both approaches with respect to the role of 
CD in the association between ADHD and prevalence of alcohol use (disorder) has 
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been inconclusive. To our knowledge, research on both approaches with respect to 
the age of onset of alcohol use (disorder) is lacking.

Whether CD plays a mediating or modifying role is of great importance for clinical 
practice. A mediating role would imply that early interventions among children with 
ADHD are needed to prevent progress from ADHD into CD and subsequent alcohol 
use (disorder) whereas a modifying role would suggest early diagnosis and intensive 
treatment of those at highest risk of alcohol use (disorder), being children with both 
ADHD and CD.

Using data from the baseline assessment of the Netherlands Mental Health Survey 
and Incidence Study-2 (NEMESIS-2), we will address two questions in particular: (i) 
whether childhood ADHD is associated with a higher lifetime prevalence and an earlier 
onset of three stages of alcohol use: alcohol initiation, regular alcohol use, and AUD; 
and (ii) whether CD mediates or modifies this association. The present study will increase 
the existing knowledge in four ways. First, to our knowledge, this study is the first to 
examine the association between ADHD and both prevalence and age of onset of three 
different stages of alcohol use. Second, both the mediating and modifying role of CD 
in the association between ADHD and alcohol use (disorder) will be examined. Third, 
using data of a general population study enables us to examine associations which are 
applicable to the population at large. Moreover, the use of an adult sample enables us 
to associate childhood ADHD with AUD at a much later age than most other studies 
in which the association between ADHD, CD, and alcohol use (disorder) was examined 
[12;21-23]. This provides us the opportunity to study processes that emerge in adulthood. 
Fourth, not symptom counts but DSM-IV diagnoses of ADHD, CD, and AUD will be used. 

Methods

Sample and assessment procedures
Data were derived from the baseline assessment of NEMESIS-2. Methods have been 
reported elsewhere [27]. Briefly, NEMESIS-2 is based on a multistage, stratified, random 
sampling of households, with one respondent randomly selected in each household 
(response: 65.1%). The Composite International Diagnostic Interview (CIDI) version 
3.0 was used to determine the presence of ADHD, CD, and AUD according to DSM-IV 
criteria. The CIDI is a fully structured, lay administered interview developed by the World 
Health Organization. The CIDI is used worldwide, and has been shown to be a reliable 
and valid instrument [28]. To increase accuracy of retrospective recall, ADHD and CD 
were only assessed among respondents aged 18-44, conform [29]. This resulted in a 
total sample of 3,309 respondents.

ADHD and CD. Respondents who answered positively to one of the screener questions 
for ADHD or for CD entered the relevant CIDI sections. In these sections symptoms 
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of the disorder, impairment due to these symptoms, and age of onset were assessed. 
Computerized CIDI algorithms were used to generate diagnoses according to full 
DSM-IV criteria. 

Alcohol use (disorder). All participants entered the alcohol section which started with 
a question to measure alcohol initiation: “How old were you the very first time you ever 
drank an alcoholic beverage?”. Only participants who reported ever-use continued with 
the alcohol section, the next question assessed regular drinking: “How old were you when 
you first started drinking at least 12 drinks per year?”. Only participants who reported 
regular drinking continued with the next part of the alcohol module assessing symptoms 
of alcohol abuse and dependence, impairment due to these symptoms, and age of onset. 

Analyses
Analyses were performed using Stata version 11.1 which enabled us to control for 
the complex sampling and recruitment procedure of the study. We first established 
unweighted counts, and then calculated weighted prevalence rates and weighted 
means to provide characteristics of the sample and summary statistics of ADHD, CD, 
and alcohol use (disorder). The data were weighted to ensure they were representative 
of the national population.

The association between ADHD, CD, and prevalence of alcohol use (disorder). 
Cox regression analyses, which generate hazard ratios (HR), were conducted to test 
whether ADHD was associated with a higher prevalence rate of alcohol use (disorder) 
in a univariable model. Cox regression takes both the age of the respondents and the 
age of onset of alcohol use (disorder) into account. Before conducting these analyses, 
the proportional hazards assumption was checked; the assumption was not violated 
in the univariable models. 

Next, stepwise Cox regression analyses were conducted. These analyses were 
adjusted for gender to account for the higher prevalence rates of ADHD and alcohol 
use (disorder) in males [30;31]. In analyses with alcohol initiation and regular alcohol use, 
gender was stratified to suffice the proportional hazards assumption [32], stratification 
was not needed in analyses with AUD. In the first step, we examined whether ADHD 
was associated with all stages of alcohol use. In the second step, we added CD as a 
covariate to these models in order to investigate its mediating role. The Sobel test was 
used to test for significance of mediation [33] after correction for the dichotomous 
nature of the mediator and outcome variable [34].

In the third step it was investigated whether CD modified the association between 
ADHD and alcohol use (disorder) using an additive model. Additive interaction exists 
if the combined effect of ADHD and CD on alcohol use (disorder) is stronger than the 
sum of the separate effects. Additive interaction was tested by comparing the HR of 
ADHD and CD combined with the expected value in case of no interaction, namely 
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HR (AB) ≈ HR (A) + HR (B) - 1. If the expected HR is smaller than the lower boundary 
of the 95% confidence interval of the HR of the combined effect, additive interaction 
is assumed [35;36].

The association between ADHD, CD, and age of onset of alcohol use (disorder). 
We conducted linear regression analyses, which generate unstandardized coefficients 
(Bs), to determine whether ADHD was associated with an earlier age of onset of alcohol 
use in a univariable model. Next, stepwise linear regression analyses, adjusted for age 
and gender, were used to test the association between ADHD, CD, and onset of alcohol 
use (disorder). In the first step, we examined whether ADHD was still associated with 
the onset of alcohol use. In the second step, we added CD to the model in order to test 
whether CD mediated this association. Again, significance of mediation was checked 
with the Sobel test. The interaction-term of ADHD and CD was included in the third 
step in order to examine whether CD modified the association between ADHD and 
onset of alcohol use (disorder) in an additive model. Level of significance was set at 0.05.

results

Table 2.1 provides characteristics of the sample and summary statistics of ADHD, CD, 
and alcohol use (disorder) as unweighted counts, weighted percentages and weighted 
means. Mean age of the 3,309 respondents was 32.0 and 50.4% was male.

Childhood ADHD was present in 2.9% (n = 74) of the respondents. Respondents 
with ADHD were significantly younger than respondents without ADHD (28.9 vs. 32.1; 
t(3,307) = -2.81; p = 0.01) and they were more often male (74.8% vs. 49.6%; OR = 
3.0; p < 0.001). CD was present in 5.6% (n = 127) of the respondents. As expected, 
childhood CD was much more prevalent in respondents with ADHD than in respondents 
without ADHD (40.0% vs. 4.5%; OR = 14.0; p < 0.001). Mean age of onset of ADHD 
was substantially lower than that of CD (6.7 vs. 11.5). More specific, 83.7% of the 
respondents fulfilling criteria for both disorders reported that symptoms of ADHD were 
present before or at the same time as symptoms of CD. 

Most respondents initiated alcohol use (94.3%; mean age 14.8) and regular 
alcohol use (85.7%; mean age 16.7). Alcohol abuse and dependence were prevalent 
in respectively 16.6% (n = 472) and 2.4% (n = 54) of respondents. Given the small 
number of respondents with alcohol dependence, both diagnoses were combined 
(AUD; 19.0%, n = 526; mean age of onset 19.2) in the analyses. Symptoms of ADHD 
were present before or at the same time as alcohol initiation, regular alcohol use, 
and AUD in respectively 93.1%, 95.4%, and 100.0% of the respondents with both 
ADHD and the corresponding stage of alcohol use. Symptoms of CD were somewhat 
less present before or at the same time as the three stages of alcohol use, namely in 
75.4%, 89.3.%, and 94.7% of the respondents with both CD and the corresponding 
stage of alcohol use. 
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The association between ADHD, CD, and prevalence of alcohol use 
(disorder)
All stages of alcohol use were significantly more prevalent in respondents with ADHD 
than in respondents without ADHD (Table 2.1). The results of the univariable Cox 
regression analyses (Table 2.2) support this observation: ADHD was associated with a 
54% higher risk of alcohol initiation and a 59% higher risk of regular alcohol use. ADHD 
almost tripled the risk of developing AUD. Step 1 of Table 2.2 shows that these risks 
slightly decreased, but remained significant, when gender was added to the model. 

After adjustment for CD, respondents with ADHD were still more likely to initiate 
alcohol use (p = 0.05) and to start regular drinking (p = 0.03). However, ADHD and AUD 
were no longer significantly associated after adjustment for CD (p = 0.33), indicating 
a mediating role of CD. 

To further investigate whether the association between ADHD and one of the stages 
of alcohol use operates also via CD as the mediating variable, we compared the HRs of 
ADHD in Step 1 and Step 2 of Table 2.2. The HR for alcohol initiation slightly declined 
from 1.42 (Step 1) to 1.37 (Step 2) when CD was added to the model (a non-significant 
reduction of 3.6%, ((1.42 / 1.37) - 1) * 100; Sobel test: Z = 0.80; p = 0.42). The HR 
for regular alcohol use declined from 1.42 (Step 1) to 1.34 (Step 2) (a non-significant 
reduction of 6.0%, ((1.42 / 1.34) - 1) * 100; Sobel test: Z = 1.13; p = 0.26). Thus, the 
association between ADHD and alcohol initiation as well as the association between 
ADHD and regular alcohol use were not significantly mediated by CD. However, the HR 
for AUD sharply declined from 2.29 (Step 1) to 1.39 (Step 2) (a significant reduction of 
64.7%, ((2.29 / 1.39) - 1) * 100; Sobel test: Z = 4.93; p < 0.001), indicating that ADHD 
affected the prevalence of AUD via mediation by CD. Additional analyses demonstrated 
that this conclusion holds after exclusion of those individuals with CD predating ADHD 
(16.3%). 

The final part of Table 2.2 indicates that CD did not modify the association between 
ADHD and presence of alcohol use (disorder). This is shown by the fact that the 
combined effect of ADHD and CD on alcohol use (disorder) is not stronger than the 
sum of the separate effects. 

The association between ADHD, CD, and age of onset of alcohol use 
(disorder)
Respondents with ADHD had an earlier age of onset of alcohol initiation and regular 
alcohol use than respondents without ADHD (Table 2.1). The univariable linear regression 
analyses also show that ADHD was associated with an earlier onset of alcohol initiation 
and regular alcohol use, but not of AUD (Table 2.3). When age and gender were 
added to the model the differences in onset disappeared (Step 1). Further analyses 
demonstrated neither a mediating (Step 2) nor a modifying (Step 3) role of CD in the 
association between ADHD and onset of alcohol use (disorder). However, CD was 
significantly associated with an earlier onset of AUD.
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discussion

To our knowledge, the present study is the first to examine the association between 
ADHD and (onset of) different stages of alcohol use, while taking into account the 
mediating and modifying role of CD, in a representative sample of the general adult 
population. The NEMESIS-2 prevalence rates of ADHD (2.9%), CD (5.6%), and AUD 
(19.0%) are somewhat lower than in the US National Comorbidity Survey Replication 
[37], but they are within the range of rates that are observed worldwide [38;39]. 

The association between ADHD, CD, and prevalence of alcohol use 
(disorder)
A summary of the results with regard to the prevalence of alcohol use (disorder) is given 
in Figure 2.1a. ADHD was associated with alcohol initiation and regular alcohol use, but 
not with AUD, when CD was taken into account. These results are in accordance with 
one [5], but not with other [12;23], prospective studies. Neither the association between 
ADHD and alcohol initiation nor the association between ADHD and regular alcohol use 
was mediated by CD. CD did mediate the association between ADHD and AUD. As in 
other research [20], it was observed that diagnoses of ADHD predated diagnoses of CD, 
and both diagnoses predated diagnoses of AUD. This strongly suggests that the role of 
CD as a covariate in the multivariable models represents a mediator and not just some 
unspecified form of confounding. This finding is in agreement with some prospective 
studies that examined the mediating role of CD in the association between ADHD and 
substance use [15;23-25]. 

It should be noted that initiation of (regular) alcohol use is very common and that 
regular alcohol use belongs to the normal range of accepted behaviors in Western 
societies, and therefore these behaviors cannot be interpreted as an indication of a 
behavioral abnormality related to the presence of ADHD (even though these behaviors 
occur more often in people with ADHD). The differential role of CD in the association 
between ADHD and the three stages of alcohol use suggests that the mediating role 
of CD becomes stronger over time and is associated with more pathological aspects of 
alcohol use. Notably, this externalizing pathway could be influenced by other factors 
as well, such as parenting style and peer factors [40;41]. Nevertheless, the maintained 
developmental pathway stresses the importance of early interventions among children 
with ADHD to prevent progress from ADHD into CD and subsequent AUD.

Previous studies [1;12;21;22] have reported conflicting findings with regard to the 
idea that children with ADHD and CD constitute a distinct group that is at extra risk of 
AUD. We found no evidence for this proposition in an adult sample: the combination 
of ADHD and CD did not result in a higher risk of alcohol use (disorder) as compared to 
the sum of the separate effects of ADHD and CD. The small number of individuals with 
both ADHD and CD (n = 21) may have complicated these findings. However, neither 
large confidence intervals nor trends in the hypothesized direction were observed, 
which supports our conclusion that CD is not very likely to play a modifying role.
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The association between ADHD, CD, and age of onset of alcohol use 
(disorder)
In accordance with previous research [6;9], we found that ADHD was associated with 
an earlier age of alcohol initiation and of regular alcohol use. However, in contrast 
to other studies [7;8], our results showed no association between ADHD and onset 
of AUD. Notably, the association between ADHD and onset of alcohol initiation and 
regular alcohol use was no longer present when age and gender were added to the 
model. It thus seems that previous studies, in which no correction for age and gender 
was made, mistakenly concluded that ADHD was associated with an earlier age of 
alcohol use. 

Neither a mediating nor modifying role of CD was found with regard to the 
association between ADHD and onset of alcohol use (disorder). However, CD was 
associated with an earlier onset of AUD. A summary of the results with regard to the 
onset of alcohol use (disorder) is given in Figure 2.1b.

Limitations 
A few cautionary remarks should be made with regard to the current findings. A 
restriction of this study concerns the relatively small number of individuals with a 
diagnosis of ADHD, CD or AUD, which may have caused a lack of statistical power. 
However, the present study used a large population based sample. This enabled us 
to compare relatively small numbers of diagnosed individuals with large numbers of 
undiagnosed individuals. The many significant associations as well as the generally 
narrow confidence intervals suggest that statistical power was sufficient.

Previous research among adolescents showed that the three ADHD subtypes 
(i.e.  inattentive, hyperactive, and combined) had different associations with AUD 
[5;42]. However, due to the small amount of respondents with ADHD in present study 
we were not able to assess the possible differential contribution of the three ADHD 
subtypes. Also, we were unable to conduct separate analyses for alcohol abuse and 
dependence. Only a small group of respondents developed alcohol dependence, which 
is characterized by different symptoms as well as a higher symptom count than alcohol 
abuse (number of criteria occurring within a 12-month period ≥ 3 in dependence vs. ≥ 1 
in abuse). The associations with ADHD and CD could thus be different for both AUDs. 
Previous research suggested, however, that this is not the case [23].

Diagnoses of ADHD, CD, and AUD were based on retrospective reports, as is 
often the case in population studies. Retrospective assessment could have resulted in 
recall bias. However, it is unclear how this would affect the presented associations. In 
accordance with earlier research [29], we choose to restrict our sample to respondents 
aged 18-44 to minimize problems with recall bias.

Approaches using multi-informant information could have resulted in other 
prevalence rates of ADHD as compared to the self-reports that were used in present 
research. However, an earlier comparison between adult self-reports and informant 
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reports of childhood and adult ADHD showed fairly strong associations between the 
two [43]. The use of self-reports in present research seems therefore justified.

Implications 
Notwithstanding the potential limitations, this study helps to understand how ADHD is 
associated with alcohol use (disorder), and how CD affects this association. Replication of 
the current findings is needed, preferably in longitudinal design, so that the progression 
from ADHD to CD and subsequent to AUD can be further examined. 

The current paper treated ADHD, CD, and AUD as separate disorders. However, 
some studies have suggested that these disorders reflect a general dimension of 
externalizing behavior [44;45]. Future research should study this dimension and the 
possibility that current findings of mediation represent a phenotypic phased expression 
of this partially genetically determined [45-47] and partially non-genetically determined 
[48] externalizing factor. It should be noted that AUDs are more prevalent than CD and 
that CD is more prevalent than ADHD. Therefore, the development of AUDs cannot 
be fully explained by this specific (externalizing) pathway, so other pathways must 
be operating as well, either as some non-ADHD or non-CD like expression of the 
underlying externalizing vulnerability or along some internalizing vulnerability factor 
with AUDs more likely to be a consequence of self-medication for existing anxiety or 
mood disorders [49-52]. 

Also, important clinical implications can be derived from the current results. The 
mediating role of CD in the association between ADHD and AUD indicates that 
treatment of children with ADHD must comprise prevention measures of both CD and 
AUD. Specifically, ADHD usually precedes the other two disorders and children with 
ADHD are often still young when they come into treatment. This creates opportunities 
to deal with early disruptive behavior [53;54] and to prevent CD and AUD to develop. 
It thus seems essential that adequate prevention measures are devised and examined 

for children with ADHD so that adverse outcomes can be avoided.    
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aBstract 

Background
Although it seems intuitive that alcohol use disorders (AUDs) include excessive alcohol 
consumption (EAC), this notion is not well-established. This study investigates to which 
degree EAC (defined as > 14/21 drinks weekly for women/men and at least three 5+ 
drinking days per week) and AUD overlap and whether problematic alcohol use groups 
(EAC-only, AUD-only, and EAC + AUD) differ from each other and from nonproblematic 
alcohol users regarding sociodemographics, mental health problems, functioning, and 
service utilization. 

Methods
Data were derived from the Netherlands Mental Health Survey and Incidence Study-2, 
a population-based study including 5,443 current drinkers (aged 18-64) interviewed 
with the Composite International Diagnostic Interview 3.0. Both DSM-IV AUDs and a 
proxy of DSM-5 AUD are considered.

Results
Of the current drinkers, 3.8% reported 12-month EAC. Twelve-month prevalence of 
DSM-IV and DSM-5 AUD were 5.4 and 4.4%, respectively. Regarding DSM-IV, only 
17.7% of subjects with AUD reported EAC and 25.3% of those with EAC had an AUD. 
Compared with nonproblematic alcohol users, the three groups of problematic alcohol 
use (EAC-only, AUD-only, and EAC + AUD) were more often associated with mental 
health problems, poorer functioning, and service utilization. There were few differences 
between EAC-only and AUD-only regarding these correlates. However, EAC + AUD 
had strongest associations with above-mentioned correlates compared with the other 
three groups. Compared with DSM-IV findings, DSM-5 AUDs had slightly larger overlap 
with EAC, but correlates were similarly associated with problematic alcohol use groups. 

Conclusions 
Findings indicate limited overlap between EAC and AUD. Yet, both dimensions were 
similarly associated with other problems suggesting that both should be included in 
future epidemiological research to detect the total group of problematic alcohol users. 

Marlous Tuithof, Margreet ten Have, Wim van den Brink, Wilma Vollebergh, 
Ron de Graaf
Published in Alcoholism: Clinical and Experimental Research (2014) 38: 249-256.
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introduction

Psychiatric classification systems, such as the Diagnostic and Statistical Manual of Mental 
Disorders (DSM) [1], describe alcohol use disorders (AUDs) as maladaptive patterns of 
alcohol use leading to significant impairment and distress. Excessive drinking, which can 
be distinguished into high average alcohol consumption and frequent heavy drinking 
days, is another dimension of problematic alcohol use. The two types of excessive 
drinking are each associated with serious health risks [2] and with alcohol-related 
problems [3;4]. Co-occurrence of both types of excessive drinking may point to a small 
but serious group of alcohol users with a severe problematic drinking pattern in itself 
[5]. In the remainder of this article, excessive alcohol consumption (EAC) will refer to 
this combination of excessive drinking types. 

Although excessive drinking is not part of the AUD diagnosis, it could be argued 
that it is necessary for development of alcohol-related problems and therefore is an 
implicit characteristic of people with AUDs. However, this notion was not supported 
by findings from the first Netherlands Mental Health Survey and Incidence Study 
(NEMESIS-1) [6]. Only one-third of the individuals with DSM-III-R alcohol abuse and 
half of those with alcohol dependence exceeded safe weekly drinking limits (> 14/21 
drinks weekly for women/men). Also the other way around, only one-third of the 
drinkers exceeding these safe weekly limits met DSM-III-R criteria for an AUD. Other 
studies also observed a limited overlap between excessive drinking types and alcohol-
related problems [3;4]. Moreover, the overlap between AUD and excessive drinking 
could become even smaller than the overlap reported in previous studies if excessive 
drinking is defined as a combination of high average alcohol consumption and frequent 
heavy drinking days (i.e., EAC).

Examining the two dimensions of problematic alcohol use (EAC and AUD) in relation 
to each other is not only useful to gain insight in the degree of their overlap, but also 
to increase understanding regarding correlates of groups of problematic users; that is, 
excessive drinkers without alcohol-related problems (EAC-only), people with alcohol-
related problems without excessive drinking (AUD-only), and people with both aspects 
of problematic alcohol use (EAC + AUD). Many studies only use one dimension, but 
this has two important limitations. First, not all problematic alcohol users will then be 
included. For example, if only AUD is measured, excessive drinkers who do not meet 
DSM AUD criteria are overlooked, even though they might have similar problems in 
other areas of their life, for example, regarding mental health or functioning. Second, 
differences between AUD with or without excessive drinking cannot be detected, while 
mental health, functioning, and service utilization may be more severely affected in 
those with the combination of AUD and excessive drinking. Moreover, knowledge 
regarding associated sociodemographic characteristics may help targeting prevention 
at those at risk of more severe pathology. 
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Previous research provides some information regarding characteristics of the 
subgroups of problematic alcohol use. Sacco et al. [7] observed that elderly people (60+) 
with the combination of at-risk drinking and alcohol abuse-dependence symptoms more 
often had 12-month depression and poorer functioning than people with only at-risk 
drinking. However, both excessive drinking and AUDs are associated with younger age 
[8;9], and therefore, the findings of Sacco et al. [7] cannot be generalized to the general 
population. Another study observed that rates of psychiatric disorders were higher 
among at-risk drinkers than among moderate drinkers or abstainers, but lower than 
among people with alcohol dependence [10]. This study did not distinguish between 
dependence with and without at-risk drinking, but previous research suggested that 
comorbid psychiatric disorders may be stronger related to EAC than to symptoms 
caused by excessive consumption [11]. Conceivably, a gradient can be expected with 
people with AUD-only being least affected in other areas of their life, people with EAC 
+ AUD being most affected and people with EAC-only being in between. 

Using data from the second NEMESIS study (NEMESIS-2), we aim to examine (i) 
to which degree EAC and AUD overlap; and if this overlap is limited, (ii) whether 
problematic alcohol use groups (EAC-only, AUD-only, EAC + AUD) differ from each 
other and from nonproblematic alcohol users regarding various correlates, such as 
demographics, mental health, functioning, and service utilization. We expect that the 
three groups of problematic alcohol users are stronger associated with unfavorable 
outcomes than nonproblematic alcohol users [7;10], that EAC-only is stronger associated 
with unfavorable outcomes than AUD-only [11], and that EAC + AUD has the strongest 
associations with negative outcomes [7]. To increase the power of our analyses, we 
combined DSM-IV abuse and dependence. In this paper, EAC is present if two types of 
excessive drinking co-occur, high average alcohol consumption (> 14/21 drinks weekly 
for women/men) and frequent heavy drinking days (at least three 5+ drinking days per 
week). However, to increase our understanding of the overlap between EAC and AUD, 
we also looked at the overlap between separate excessive drinking types (high average 
alcohol consumption vs. frequent heavy drinking days) and separate AUDs (alcohol 
abuse vs. alcohol dependence). Because we are additionally interested in whether the 
relationship between EAC and AUD varies according to different DSM editions, we 
investigate our research questions separately for DSM-IV and for a proxy of proposed 
DSM-5 AUD. 

Materials and Methods

Sample and assessment procedures
NEMESIS-2 is a psychiatric epidemiologic survey in the Dutch general population. It is 
based on a multistage, stratified, random sampling of households, with one respondent 
randomly selected in each household. Data were collected between November 2007 and 
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July 2009 [12]. This resulted in a total sample of 6,646 adults aged 18 to 64 (response: 
65.1%). For the present analyses, those respondents who consumed at least one drink in 
the year preceding the interview were included (n = 5,443). The Composite International 
Diagnostic Interview (CIDI) 3.0 was used to determine the presence of EAC and of 
mental disorders. The CIDI is a fully structured, lay administered interview developed by 
the World Health Organization, which is used worldwide. Clinical reappraisal interviews 
showed that it has generally good validity [13].

Alcohol use disorder. All respondents entered the alcohol section of the CIDI that 
assessed lifetime presence of symptoms of alcohol abuse, alcohol dependence, and 
craving. Moreover, respondents were asked whether symptoms of abuse or symptoms 
of dependence were still present in the past year and to rate impairment due to these 
symptoms. Computerized CIDI algorithms were used to generate 12-month DSM-IV 
abuse and dependence diagnoses. DSM-5 AUD symptoms include 3 of the 4 DSM-IV 
alcohol abuse (without legal problems) and all 7 DSM-IV alcohol dependence criteria 
complemented with a new criterion covering craving. With 2 or more of 11 symptoms 
subjects meet criteria for AUD [14]. All DSM-5 AUD symptoms were assessed using the 
CIDI 3.0 even though CIDI 3.0 was designed to yield DSM-IV diagnoses. Like DSM-IV, 
DSM-5 requires time clustering of symptoms, that is, the minimally required number 
of DSM-5 AUD symptoms must have occurred within the same 12-month period. In 
most cases, information regarding clustering of DSM-5 symptoms was not available as 
only clustering of 3 out of 7 DSM-IV dependence symptoms was assessed in the CIDI 
3.0. This means that clustering of ≥ 2 alcohol abuse symptoms was not measured. 
Therefore, we could only construct a proxy of proposed DSM-5 AUD, using a symptom 
count without including a clustering criterion.

Excessive alcohol consumption. Twelve-month EAC was present when 
respondents reported both high average alcohol consumption and frequent heavy 
drinking days. High average alcohol consumption was defined as drinking more than 
the international acknowledged safe drinking guidelines. Specifically, > 14 drinks 
(standard drinks consisting of about 10 g of pure alcohol) weekly for women and > 
21 drinks weekly for men [15;16; 6;]. This was based on two questions: “In the past 
12 months, how often did you usually have at least one drink – every day, nearly 
every day, 3 to 4 days a week, 1 to 2 days a week, 1 to 3 days a month, or less than 
once a month?” and “On the days you drank in the past 12 months, about how 
many drinks did you usually have per day?”. Frequent heavy drinking days, defined as 
heavy volume drinking several times a week [17;18], was present if people consumed 
5+ drinks on at least three days a week. This was based on the question “How 
often in the past 12 months, did you have 5 or more drinks on a single day?”. By 
this question, it was not possible to define different thresholds of a heavy drinking 
day for women and men. 
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Demographics. These included gender, age, educational level (4 categories: primary, 
basic vocational/lower secondary/higher secondary/higher professional, university), 
cohabitation status (living with a partner or not), employment status (in paid employment 
or not), and individual income (3 categories: low/middle/high).

Mental health. The construction of DSM-IV mental disorder diagnoses with the 
CIDI 3.0 has been described in detail elsewhere [12]. The following mental disorders 
were included in this study: mood (major depression, dysthymia, bipolar disorder), 
anxiety (panic disorder, agoraphobia, social phobia, specific phobia, generalized anxiety 
disorder), drug use (drug abuse and dependence), childhood disorder (attention-deficit/
hyperactivity disorder, conduct disorder, oppositional-defiant disorder) and antisocial 
personality disorder. To increase accuracy of retrospective recall, childhood disorders 
were only assessed among respondents aged 18-44 [19]. Also, suicidal thoughts were 
included. 

Functioning and service use. Functioning in the past month was based on the SF-36 
[20;21]. The eight SF-36 scales were combined in two scales: physical functioning 
(general health, physical health, physical functioning, and bodily pain; α = 0.78) and 
mental functioning (psychological health, psychological functioning, social functioning, 
and vitality; α = 0.78), which ranged from 0 (poor) to 100 (good). Service use refers 
to 12-month utilization of primary care, specialized mental health care, and addiction 
care for emotional or addiction problems. 

Data Analysis
Analyses were performed using Stata, version 11.1 [22], which enabled us to control for 
the complex sampling and recruitment procedure of the study. The data were weighted 
to ensure they were representative of the national population. First, the overlap 
between EAC and AUD and the prevalence of problematic alcohol use groups were 
established (Tables 3.1 - 3.3). Multinomial logistic regression models were conducted 
to test group differences regarding demographics, mental health, functioning, and 
service use, adjusted for gender and age (Table 3.4). Stata produces relative risk ratios 
in multinomial regression analyses. According to Stata, these relative risk ratios should 
be interpreted as the risk of the particular group relative to the base group [23], and 
they are thus very similar to odds ratios (ORs). To examine whether our definition of EAC 
influenced the results, sensitivity analyses were carried out with less stringent definitions 
of EAC; that is frequent heavy drinking days or high average alcohol consumption; 
or one heavy drinking day per week and high average alcohol consumption. Level of 
significance was set at 0.05.
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results

Prevalence of EAC and AUD and their overlap 
Table 3.1 shows prevalence of excessive drinking patterns and AUDs. Of the total 
population, 7.7% reported high average alcohol consumption, 6.4% frequent heavy 
drinking days, and 3.8% both types of excessive drinking, that is, EAC in the past 
year. Twelve-month DSM-IV alcohol abuse was present in 4.5% of the respondents 
and alcohol dependence in 0.9% (in total 5.4% reported a DSM-IV AUD). Twelve-
month DSM-5 AUD was about 20% less prevalent than DSM-IV AUD: 4.4% reported 
a DSM-5 AUD. 

Table 3.1. Twelve-month prevalence of excessive drinking patterns and alcohol use disorders among 5,443 
current drinkers in unweighted counts and weighted percentages.

n %

Excessive drinking patterns

High average alcohol consumption 426 7.7

Frequent heavy drinking days 328 6.4

Excessive alcohol consumption a 210 3.8

Alcohol use disorders

DSM-IV

Alcohol abuse 190 4.5

Alcohol dependence 35 0.9

Any alcohol use disorder 225 5.4

DSM-5 alcohol use disorder 197 4.4

a Excessive alcohol consumption consists of high average alcohol consumption (> 14/21 drinks weekly for women/
men) and frequent heavy drinking days (at least three 5+ drinking days per week).

As shown in Table 3.2, only 17.7% of those with DSM-IV AUD reported EAC and 
25.1% of subjects with EAC met criteria of DSM-IV AUD (Cohen’s Kappa = 0.17). 
Notably, the proportion of EAC was considerably smaller for those with alcohol abuse 
(10.4%) than for those with alcohol dependence (54.7%). Compared with DSM-IV 
AUD, the overlap between EAC and DSM-5 AUD was slightly higher: 25.3% of those 
with DSM-5 AUD reported EAC and 29.2% of subjects with EAC had a DSM-5 AUD 
(Cohen’s Kappa = 0.24). 
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Four groups were created by combining EAC and AUD, separately for DSM-IV and 
DSM-5 (Table 3.3). The majority of the population belonged to the first group, including 
nonproblematic alcohol users with no EAC and no AUD (DSM-IV: 91.7%; DSM-5: 
92.9%). Less than 3% belonged to the second group (EAC-only). The third group 
(AUD-only) was larger for DSM-IV (4.5%) than for DSM-5 (3.3%). The fourth group, 
consisting of people with both dimensions of problematic alcohol use (EAC + AUD) 
was remarkably small (DSM-IV: 1.0%; DSM-5: 1.1%).

Table 3.2. The overlap between excessive drinking patterns and AUD among 5,443 current drinkers in 
unweighted counts and weighted percentages. 

DSM-IV AUD DSM-5 AUD

AA AD AUD

HAAC

% of HAAC with reported disorder 12.1 7.0 19.1 23.7

Unweighted n 40 23 63 83

% of reported disorder with HAAC 20.6 60.9 27.3 41.8

FHDD

% of FHDD with reported disorder 13.2 7.7 20.9 20.5

Unweighted n 33 20 53 61

% of reported disorder with FHDD 18.7 55.0 24.7 29.9

EAC a

% of EAC with reported disorder 12.3 12.8 25.1 29.2

Unweighted n 22 19 41 54

% of reported disorder with EAC 10.4 54.7 17.7 25.3

Note. AUD: alcohol use disorder; AA: alcohol abuse; AD: alcohol dependence; HAAC: high average alcohol 
consumption; FHDD: frequent heavy drinking days; EAC: excessive alcohol consumption.
a EAC consists of HAAC (> 14/21 drinks weekly for women/men) and FHDD (at least three 5+ drinking days per week).

Table 3.3. Groups of problematic alcohol use among 5,443 current drinkers in unweighted counts and 
weighted percentages, separately for DSM-IV and DSM-5 alcohol use disorders (AUDs).

Group EAC AUD DSM-IV DSM-5

n % n %

Group 1 No No 5,049 91.7 5,090 92.9

Group 2 Yes No 169 2.9 156 2.7

Group 3 No Yes 184 4.5 143 3.3

Group 4 Yes Yes 41 1.0 54 1.1

Note. Presence of excessive alcohol consumption (EAC) refers to high average alcohol consumption (> 14/21 drinks 
weekly for women/men) and frequent heavy drinking days (at least three 5+ drinking days per week). Presence of 
DSM-IV AUD refers to alcohol abuse or dependence.
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Comparing DSM-IV problematic alcohol use groups
Table 3.4 portrays frequencies, means, and results of multinomial regression analyses, 
adjusted for age and gender. First, the three problematic alcohol use groups were 
each compared with nonproblematic alcohol users; thus, no EAC and no DSM-IV AUD 
(group 1) was the reference group. The three problematic alcohol use groups were 
more often male and living without a partner. On average, people with EAC-only were 
older than nonproblematic alcohol users, whereas people with AUD-only and EAC + 
AUD were younger. Additionally, in comparison with nonproblematic alcohol users, 
EAC-only was more strongly associated with lower and higher secondary educational 
level than with the highest educational level (acting as the reference group), with being 
unemployed and with a lower income, whereas EAC + AUD was associated with low 
educational level and low income.

Compared with nonproblematic alcohol users, the three problematic alcohol use 
groups were each more often associated with clinical correlates. Specifically, EAC-only 
was associated with mood (lifetime and 12-month), drug use (12-month) and childhood 
disorder, suicidal thoughts (lifetime), poorer physical and mental functioning, utilization 
of specialized mental health care and of addiction care. AUD-only was associated with 
12-month anxiety, drug use (lifetime and 12 month), childhood disorder, poorer mental 
functioning, utilization of any health care, primary care and specialized mental health 
care. EAC + AUD was associated with all 12-month mental disorders, childhood and 
antisocial personality disorder, poorer physical and mental functioning, and all types 
of service utilization. 

Next, comparison of AUD-only and EAC-only (sixth column of Table 3.4) showed very 
few differences between these 2 groups. Particularly, people with EAC-only were older 
and had a lower income than people with AUD-only, whereas primary care utilization 
was higher in people with AUD-only. No further significant differences were observed. 

Lastly, comparison of the groups with (EAC + AUD) and without (EAC-only, AUD-only) 
overlap (the last 2 columns of Table 3.4) showed that the associations with correlates 
were often strongest for the EAC + AUD group. Specifically, compared with EAC-only or 
AUD-only, EAC + AUD was more often associated with lower education, living without 
a partner, 12-month anxiety disorder, 12-month suicidal thoughts, antisocial personality 
disorder, poorer physical functioning, and utilization of any health care. Also, EAC + 
AUD more often had a low income, childhood disorder, and poorer mental functioning 
than AUD-only. Compared with EAC-only, EAC + AUD was more often associated with 
younger age and 12-month utilization of primary care.

Comparing DSM-5 problematic alcohol use groups
Results regarding DSM-5 groups differed slightly from DSM-IV findings, but the same 
picture emerged and the same conclusions can be drawn (Table available on request). 
Specifically, problematic alcohol users were more often male, without a partner, more 
often had mental health problems, poorer physical and mental functioning, and service 
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Table 3.4. Correlates of 12-month DSM-IV problematic alcohol use groups in weighted percentages or 
weighted means among 5,443 current drinkers.

Group 1 a

(ref)
n = 5,049

Group 2 a

EAC-only
n = 169

Group 3 a

AUD-only
n = 184

Group 4 a

EAC+AUD
n = 41

Group 3 
vs.

Group 2

Group 4 
vs.

Group 2

Group 4 
vs.

Group 3

% /  
mean

% / 
mean adj. OR (95% CI)

% / 
mean adj. OR (95% CI)

% / 
mean adj. OR (95% CI) p p p

Demographics

Male gender (%) 53.1 77.8 3.07** (2.01; 4.69) 74.7 2.66** (1.59; 4.45) 71.5 2.25 (1.03; 4.89) 0.66 0.44 0.70

Mean age (18-64) 42.0 46.7 1.03** (1.01; 1.05) 32.0 0.94** (0.92; 0.96) 32.8 0.94* (0.90; 0.99) < 0.001 < 0.001 0.79

Educational level (%)

     Primary, basic vocational 5.6 6.9 1.62 (0.81; 3.25) 6.3 1.56 (0.70; 3.49) 15.4 5.77* (1.97; 16.89) 0.95 0.04 0.04

     Lower secondary 20.9 21.9 1.59 (1.04; 2.46) 20.5 0.92 (0.52; 1.63) 38.7 2.84 (1.11; 7.28) 0.14 0.27 0.07

     Higher secondary 42.3 49.4 1.76 (1.10; 2.80) 48.2 1.23 (0.79; 1.90) 29.3 1.17 (0.48; 2.83) 0.26 0.44 0.93

     Higher professional, university (ref) 31.3 21.8 1.00 - 25.0 1.00 - 16.6 1.00 - - - -

Living without partner (%) 30.5 35.8 1.74* (1.16; 2.59) 63.5 2.26** (1.69; 3.02) 80.5 7.04** (3.39; 14.60) 0.31 < 0.001 0.004

Unemployed (%) 20.1 31.9 1.88* (1.24; 2.86) 21.2 1.24 (0.72; 2.13) 23.9 1.46 (0.53; 3.97) 0.23 0.63 0.80

Individual income (%)

     Low 54.0 51.8 4.92* (1.85; 13.08) 58.1 0.64 (0.28; 1.48) 82.4 10.02 (1.22; 82.11) 0.01 0.53 0.02

     Middle 39.0 45.1 3.28 (1.22; 8.80) 33.9 0.57 (0.27; 1.20) 16.5 2.41 (0.30; 19.52) 0.01 0.79 0.21

     High (ref) 7.0 3.2 1.00 - 8.0 1.00 - 1.1 1.00 - - - -

Mental health

Mood disorder (%)

     Never (ref) 80.3 73.2 1.00 - 77.7 1.00 - 68.9 1.00 - - - -

     Lifetime, not 12-month 14.1 18.7 1.77 (1.12; 2.80) 12.5 1.46 (0.89; 2.41) 14.6 1.83 (0.72; 4.61) 0.56 0.95 0.68

     12-Month 5.6 8.1 2.00 (1.08; 3.68) 9.8 1.87 (0.93; 3.76) 16.5 3.52 (1.06; 11.72) 0.87 0.43 0.30

Anxiety disorder (%)

     Never (ref) 80.9 76.9 1.00 - 72.0 1.00 - 52.5 1.00 - - - -

     Lifetime, not 12-month 10.1 10.8 1.26 (0.78; 2.05) 10.0 1.35 (0.69; 2.63) 10.5 1.92 (0.56; 6.58) 0.87 0.55 0.64

     12-Month 9.0 12.3 1.73 (0.84; 3.54) 18.0 2.64** (1.65; 4.22) 37.0 7.40** (3.62; 15.13) 0.34 0.01 0.01

Drug use disorder (%)

     Never (ref) 94.8 90.4 1.00 - 75.3 1.00 - 72.6 1.00 - - - -

     Lifetime, not 12-month 4.0 6.2 1.84 (0.55; 6.14) 13.1 2.51* (1.33; 4.72) 17.1 3.60 (0.94; 13.75) 0.64 0.46 0.59

     12-Month 1.2 3.5 4.20 (1.07; 16.54) 11.5 6.97** (2.89; 16.78) 10.3 6.84* (1.75; 26.72) 0.49 0.62 0.98

Suicidal thoughts (%)

     Never (ref) 92.5 82.5 1.00 - 90.3 1.00 - 75.0 1.00 - - - -

     Lifetime, not 12-month 6.7 15.9 2.85** (1.59; 5.08) 8.5 1.42 (0.74; 2.72) 9.2 1.83 (0.59; 5.65) 0.10 0.47 0.63

     12-Month 0.7 1.6 2.70 (0.86; 8.47) 1.1 2.06 (0.53; 7.96) 15.8 34.24** (10.28; 114.00) 0.73 0.002 0.002

Childhood disorder b (%) 8.3 23.0 3.29 (1.22; 8.84) 21.7 2.31 (1.17; 4.58) 48.6 7.35** (3.46; 15.62) 0.57 0.18 0.02

Antisocial personality disorder (%) 2.5 2.5 1.03 (0.32; 3.37) 10.2 2.58 (0.98; 6.82) 32.1 12.63** (5.35; 29.85) 0.22 0.001 0.01

Table 3.4 continues on the next page
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Table 3.4. Correlates of 12-month DSM-IV problematic alcohol use groups in weighted percentages or 
weighted means among 5,443 current drinkers.

Group 1 a

(ref)
n = 5,049

Group 2 a

EAC-only
n = 169

Group 3 a

AUD-only
n = 184

Group 4 a

EAC+AUD
n = 41

Group 3 
vs.

Group 2

Group 4 
vs.

Group 2

Group 4 
vs.

Group 3

% /  
mean

% / 
mean adj. OR (95% CI)

% / 
mean adj. OR (95% CI)

% / 
mean adj. OR (95% CI) p p p

Demographics

Male gender (%) 53.1 77.8 3.07** (2.01; 4.69) 74.7 2.66** (1.59; 4.45) 71.5 2.25 (1.03; 4.89) 0.66 0.44 0.70

Mean age (18-64) 42.0 46.7 1.03** (1.01; 1.05) 32.0 0.94** (0.92; 0.96) 32.8 0.94* (0.90; 0.99) < 0.001 < 0.001 0.79

Educational level (%)

     Primary, basic vocational 5.6 6.9 1.62 (0.81; 3.25) 6.3 1.56 (0.70; 3.49) 15.4 5.77* (1.97; 16.89) 0.95 0.04 0.04

     Lower secondary 20.9 21.9 1.59 (1.04; 2.46) 20.5 0.92 (0.52; 1.63) 38.7 2.84 (1.11; 7.28) 0.14 0.27 0.07

     Higher secondary 42.3 49.4 1.76 (1.10; 2.80) 48.2 1.23 (0.79; 1.90) 29.3 1.17 (0.48; 2.83) 0.26 0.44 0.93

     Higher professional, university (ref) 31.3 21.8 1.00 - 25.0 1.00 - 16.6 1.00 - - - -

Living without partner (%) 30.5 35.8 1.74* (1.16; 2.59) 63.5 2.26** (1.69; 3.02) 80.5 7.04** (3.39; 14.60) 0.31 < 0.001 0.004

Unemployed (%) 20.1 31.9 1.88* (1.24; 2.86) 21.2 1.24 (0.72; 2.13) 23.9 1.46 (0.53; 3.97) 0.23 0.63 0.80

Individual income (%)

     Low 54.0 51.8 4.92* (1.85; 13.08) 58.1 0.64 (0.28; 1.48) 82.4 10.02 (1.22; 82.11) 0.01 0.53 0.02

     Middle 39.0 45.1 3.28 (1.22; 8.80) 33.9 0.57 (0.27; 1.20) 16.5 2.41 (0.30; 19.52) 0.01 0.79 0.21

     High (ref) 7.0 3.2 1.00 - 8.0 1.00 - 1.1 1.00 - - - -

Mental health

Mood disorder (%)

     Never (ref) 80.3 73.2 1.00 - 77.7 1.00 - 68.9 1.00 - - - -

     Lifetime, not 12-month 14.1 18.7 1.77 (1.12; 2.80) 12.5 1.46 (0.89; 2.41) 14.6 1.83 (0.72; 4.61) 0.56 0.95 0.68

     12-Month 5.6 8.1 2.00 (1.08; 3.68) 9.8 1.87 (0.93; 3.76) 16.5 3.52 (1.06; 11.72) 0.87 0.43 0.30

Anxiety disorder (%)

     Never (ref) 80.9 76.9 1.00 - 72.0 1.00 - 52.5 1.00 - - - -

     Lifetime, not 12-month 10.1 10.8 1.26 (0.78; 2.05) 10.0 1.35 (0.69; 2.63) 10.5 1.92 (0.56; 6.58) 0.87 0.55 0.64

     12-Month 9.0 12.3 1.73 (0.84; 3.54) 18.0 2.64** (1.65; 4.22) 37.0 7.40** (3.62; 15.13) 0.34 0.01 0.01

Drug use disorder (%)

     Never (ref) 94.8 90.4 1.00 - 75.3 1.00 - 72.6 1.00 - - - -

     Lifetime, not 12-month 4.0 6.2 1.84 (0.55; 6.14) 13.1 2.51* (1.33; 4.72) 17.1 3.60 (0.94; 13.75) 0.64 0.46 0.59

     12-Month 1.2 3.5 4.20 (1.07; 16.54) 11.5 6.97** (2.89; 16.78) 10.3 6.84* (1.75; 26.72) 0.49 0.62 0.98

Suicidal thoughts (%)

     Never (ref) 92.5 82.5 1.00 - 90.3 1.00 - 75.0 1.00 - - - -

     Lifetime, not 12-month 6.7 15.9 2.85** (1.59; 5.08) 8.5 1.42 (0.74; 2.72) 9.2 1.83 (0.59; 5.65) 0.10 0.47 0.63

     12-Month 0.7 1.6 2.70 (0.86; 8.47) 1.1 2.06 (0.53; 7.96) 15.8 34.24** (10.28; 114.00) 0.73 0.002 0.002

Childhood disorder b (%) 8.3 23.0 3.29 (1.22; 8.84) 21.7 2.31 (1.17; 4.58) 48.6 7.35** (3.46; 15.62) 0.57 0.18 0.02

Antisocial personality disorder (%) 2.5 2.5 1.03 (0.32; 3.37) 10.2 2.58 (0.98; 6.82) 32.1 12.63** (5.35; 29.85) 0.22 0.001 0.01
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Table 3.4. Correlates of 12-month DSM-IV problematic alcohol use groups in weighted percentages or 
weighted means among 5,443 current drinkers.

Group 1 a

(ref)
n = 5,049

Group 2 a

EAC-only
n = 169

Group 3 a

AUD-only
n = 184

Group 4 a

EAC+AUD
n = 41

Group 3 
vs.

Group 2

Group 4 
vs.

Group 2

Group 4 
vs.

Group 3

% /  
mean

% / 
mean adj. OR (95% CI)

% / 
mean adj. OR (95% CI)

% / 
mean adj. OR (95% CI) p p p

Functioning (past-month)

Mean physical functioning (0-100) 85.6 83.4 0.99 (0.98; 1.00) 86.3 0.99 (0.98; 1.00) 75.3 0.96* (0.94; 0.99) 0.99 0.03 0.02

Mean mental functioning (0-100) 85.8 83.1 0.98* (0.97; 0.99) 84.6 0.99 (0.98; 1.00) 75.8 0.96* (0.93; 0.99) 0.34 0.13 0.04

Service use (12-month)

Any health care (%) 9.8 11.5 1.36 (0.82; 2.26) 16.6 2.07 (1.19; 3.62) 31.7 4.71** (2.54; 8.74) 0.25 0.004 0.05

Primary care (%) 8.4 6.6 0.87 (0.43; 1.75) 15.3 2.30* (1.28; 4.14) 27.6 4.69** (2.49; 8.83) 0.03 0.001 0.11

Specialized mental health care (%) 5.5 9.9 2.13* (1.24; 3.67) 11.1 2.39 (1.23; 4.67) 16.2 3.59* (1.50; 8.58) 0.78 0.32 0.40

Addiction care (%) 0.3 3.0 9.07* (2.01; (40.90) 1.4 3.08 (0.49; 19.52) 5.5 13.11* (2.06; 83.54) 0.25 0.69 0.09

Note. - Not calculated. In bold means significant at p < 0.05; * p < 0.01; ** p < 0.001. Excessive alcohol 
consumption (EAC) defined as high average alcohol consumption (> 14/21 drinks weekly for women/men) and 
frequent heavy drinking days (at least three 5+ drinking days per week); AUD: DSM-IV alcohol use disorder. Results 
of multinomial logistic regression analyses with odds ratios, adjusted for gender and age (adj. OR), with 95% 
confidence intervals (CI) and with group comparisons using p-values. 
a Group 1 (no EAC and no AUD) is the reference group.
b Childhood disorders were only assessed in respondents aged 18 to 44 (n = 2,694).

utilization than nonproblematic alcohol users. Like DSM-IV, comparison of DSM-5 
AUD-only and EAC-only showed that the groups were quite similar regarding associations 
with correlates. However, contrasting DSM-IV findings, EAC + AUD no longer differed 
from EAC-only and AUD-only with regard to partner status and educational level. More 
importantly, the contrast between groups with overlap (EAC + AUD) and without overlap 
(EAC-only and AUD-only) was less outspoken in terms of mental health and functioning.

Sensitivity analyses
Relaxing the EAC definition into frequent heavy drinking days or high average alcohol 
consumption; or into one heavy drinking day per week and high average alcohol 
consumption resulted in increase of the EAC + AUD group, but this group was still 
smaller than the AUD-only group. Moreover, the contrast between EAC + AUD and 
EAC-only or AUD-only became smaller and the three groups of problematic alcohol 
use became rather homogeneous. These results were the same for DSM-IV and DSM-5 
AUDs (results are available on request).

discussion

Only a minority of the people with AUD also reported EAC in this population-based study, 
even though it seems intuitive that excessive drinking is needed for an AUD diagnosis. 

Table 3.4. Continued.
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Table 3.4. Correlates of 12-month DSM-IV problematic alcohol use groups in weighted percentages or 
weighted means among 5,443 current drinkers.

Group 1 a

(ref)
n = 5,049

Group 2 a

EAC-only
n = 169

Group 3 a

AUD-only
n = 184

Group 4 a

EAC+AUD
n = 41

Group 3 
vs.

Group 2

Group 4 
vs.

Group 2

Group 4 
vs.

Group 3

% /  
mean

% / 
mean adj. OR (95% CI)

% / 
mean adj. OR (95% CI)

% / 
mean adj. OR (95% CI) p p p

Functioning (past-month)

Mean physical functioning (0-100) 85.6 83.4 0.99 (0.98; 1.00) 86.3 0.99 (0.98; 1.00) 75.3 0.96* (0.94; 0.99) 0.99 0.03 0.02

Mean mental functioning (0-100) 85.8 83.1 0.98* (0.97; 0.99) 84.6 0.99 (0.98; 1.00) 75.8 0.96* (0.93; 0.99) 0.34 0.13 0.04

Service use (12-month)

Any health care (%) 9.8 11.5 1.36 (0.82; 2.26) 16.6 2.07 (1.19; 3.62) 31.7 4.71** (2.54; 8.74) 0.25 0.004 0.05

Primary care (%) 8.4 6.6 0.87 (0.43; 1.75) 15.3 2.30* (1.28; 4.14) 27.6 4.69** (2.49; 8.83) 0.03 0.001 0.11

Specialized mental health care (%) 5.5 9.9 2.13* (1.24; 3.67) 11.1 2.39 (1.23; 4.67) 16.2 3.59* (1.50; 8.58) 0.78 0.32 0.40

Addiction care (%) 0.3 3.0 9.07* (2.01; (40.90) 1.4 3.08 (0.49; 19.52) 5.5 13.11* (2.06; 83.54) 0.25 0.69 0.09

Note. - Not calculated. In bold means significant at p < 0.05; * p < 0.01; ** p < 0.001. Excessive alcohol 
consumption (EAC) defined as high average alcohol consumption (> 14/21 drinks weekly for women/men) and 
frequent heavy drinking days (at least three 5+ drinking days per week); AUD: DSM-IV alcohol use disorder. Results 
of multinomial logistic regression analyses with odds ratios, adjusted for gender and age (adj. OR), with 95% 
confidence intervals (CI) and with group comparisons using p-values. 
a Group 1 (no EAC and no AUD) is the reference group.
b Childhood disorders were only assessed in respondents aged 18 to 44 (n = 2,694).

The problematic alcohol use groups (EAC-only, AUD-only, EAC + AUD) were each 
associated with adverse outcomes in mental health, functioning, and service utilization. 
This suggests that a large problematic group of alcohol users with serious negative 
outcomes is overlooked if only one dimension is taken into account. Furthermore, co-
occurrence of EAC and AUD was uncommon but was associated with most vulnerability. 
Targeted interventions should thus focus on this group. Characteristics that may help to 
identify people with EAC + AUD are lower educational level, living without a partner 
and low income. 

Limitations
EAC was based on self-report, recall bias might be an issue then. Specifically, difficulties 
remembering the amounts and frequencies in an average week may have resulted in 
an underestimation of EAC. Thus, the groups with EAC-only and EAC + AUD could 
be somewhat larger in reality. Recall of lifetime mental disorders can also be a source 
of bias [24], resulting in underestimation of their prevalence rates, but possibly also in 
stronger associations with the problematic alcohol use groups.

It should be noted that prevalence rates of DSM-IV alcohol abuse and dependence 
in NEMESIS-2 were in accordance with other European observations, but were lower 
than prevalence rates observed in the United States and New Zealand [25;26]. Also, 
the low prevalence of alcohol dependence (0.9%) relative to abuse (4.5%) differs 

51



Rela
tio

n
sh

ip betw
een

 ex
c

essiv
e d

Rin
k

in
g

 a
n

d
 a

lc
o

h
o

l u
se d

iso
Rd

eR

3

from findings from the United States [26], where similar prevalence rates of alcohol 
abuse and dependence were observed. It is uncertain how these observations affect 
the generalizability of the present findings. If AUD diagnoses, and especially alcohol 
dependence, were somewhat more restricted in the present study, their overlap with 
alcohol consumption could even be smaller in countries or studies with higher AUD 
prevalence rates. 

Due to the small number of cases with alcohol dependence, we had to combine 
DSM-IV alcohol abuse and dependence to study correlates of problematic alcohol use. 
When interpreting the results, it is important to keep in mind that the overlap between 
EAC and AUD was considerably smaller for abuse than for dependence and that abuse 
cases represent the majority of the AUD-only group, whereas abuse and dependence 
cases are more equally represented in the EAC + AUD group.

In our study, we focused on problematic alcohol use as portrayed by severe excessive 
drinking, not exceeding safe drinking guidelines. Therefore, our definition of EAC was 
stricter than those used in other studies [7] or general drinking guidelines [27]. This 
means that only general comparisons are possible with other studies that focus on the 
relationship between exceeding safe drinking guidelines and alcohol-related problems 
[3;4;6;7]. 

DSM-5 requires that the necessary number of DSM-5 AUD symptoms must have 
occurred within the same 12-month period. However, as the CIDI 3.0 was designed 
to yield DSM-IV AUD diagnoses, information regarding clustering of symptoms 
was only available for 3 out of the 7 DSM-IV dependence symptoms, not for 2 
out of the 11 DSM-5 AUD symptoms. Consequently, it was not possible to apply 
this clustering criterion in the DSM-5 diagnoses, and only a proxy of DSM-5 AUD 
using a symptom count could be constructed. Additional analyses showed that 
eliminating the clustering criterion in DSM-IV AUD increased the prevalence of 
alcohol dependence, but decreased the prevalence of alcohol abuse, resulting in 
unchanged overall AUD prevalence rates. We were not able to apply the clustering 
criterion for DSM-5, but we assume that this would have had a similar limited effect 
on DSM-5 prevalence rates. 

Findings
A major finding of this study is that, even though it seems conceivable that considerable 
drinking is needed for an AUD diagnosis, only one-fifth of the subjects with DSM-IV 
AUD reported EAC. A limited overlap was also observed with less stringent definitions 
of EAC [3;4;6] and for the proportion of EAC in both alcohol abuse and dependence 
cases. Yet, compared to DSM-IV AUD, a somewhat higher proportion of people with 
DSM-5 AUD reported EAC. This was not surprising as mild abuse cases with only one 
symptom are no longer diagnosed in DSM-5 [28]. Conceivably, these mild cases were 
an important part of the DSM-IV AUD cases without co-occurring EAC. Nevertheless, 
although clinical research suggests that a persistent pattern of heavy drinking is needed 
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to develop AUD [29], current results indicate that AUD diagnoses in population-based 
studies are more inclusive, that is, non-heavy drinkers also become diagnosed with AUD.

Partly, the limited overlap between EAC and AUD may be the result of an 
underestimation of alcohol consumption in the present study. Also, errors in the 
identification of AUD symptoms in population-based research could play a role. For 
example, Caetano et al. [30] observed that especially symptoms regarding impairment of 
control and tolerance are prone to misinterpretation and may lead to overestimation of 
AUD prevalence rates. Yet, the limited overlap between EAC and AUD may also reflect 
that they represent two separate dimensions of problematic alcohol use. Apparently, 
due to the difference in main focus, one dimension can present itself without the 
presence of the other.

Notably, comparison of the three problematic alcohol use groups (EAC-only, 
AUD-only, EAC + AUD) with nonproblematic alcohol users showed that all problematic 
alcohol users more often reported mental health problems, poorer functioning, and 
service utilization than nonproblematic alcohol users. Thus, as expected, also the groups 
with only one aspect of problematic alcohol use reported serious problems in other areas 
of their life. This is in agreement with the literature about at-risk drinking and AUDs 
[8;10;31], and it implies that both dimensions should be taken into account to detect the 
total group of problematic alcohol users. This notion is further supported by comparison 
of EAC-only and AUD-only as these groups were very similar in their associations with 
mental health aspects. Yet, these findings also indicate that the association between 
psychiatric comorbidity and AUDs is not only due to alcohol consumption but also to 
the AUD symptoms itself, thereby contradicting our hypothesis that EAC-only would 
be stronger associated with unfavorable outcomes than AUD-only [11]. 

As expected, co-occurrence of EAC and AUD seemed to be associated with most 
vulnerability as it was more strongly associated with clinical correlates than EAC-only 
[7] or AUD-only. An especially strong association was found with 12-month suicidal 
thoughts. Previous research observed a relation between suicide attempts and alcohol 
consumption [32] and AUDs [33]. Current findings additionally suggest that in people 
with both AUD and an excessive drinking pattern awareness for 12-month suicidal 
thoughts could be worthwhile. Moreover, the strong association between EAC + AUD 
and 12-month mental disorders indicates that people with EAC + AUD should also be 
monitored for symptoms of other mental disorders [34;35]. 

Our results help to describe the problematic alcohol use groups with regard to 
sociodemographic aspects. Specifically, compared to nonproblematic alcohol users, 
AUD with and without EAC was more often associated with younger age [8;26;31], 
whereas EAC-only was more often associated with older age [10]. This suggests that 
older people are better capable of maintaining an excessive drinking pattern without 
experiencing alcohol-related DSM problems, possibly because they created a living 
situation in which (excessive) alcohol consumption less often triggers alcohol-related 
problems. The finding that EAC-only and especially EAC + AUD were related to lower 
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educational level, and lower income is in line with a prospective study that suggested 
that lower educational level predicts excessive drinking [36]. This indicates that these 
factors may help to identify people at risk of severe problematic alcohol use.

Implications
The observed limited overlap between EAC and AUD indicates that excessive drinking 
and AUD diagnoses may measure two different aspects of problematic alcohol use in 
population-based research. Yet, as all problematic alcohol use groups had problems 
in other areas, combining the two dimensions can be worthwhile in public health 
research to detect the total group of problematic alcohol users. Moreover, people with 
the combination of EAC + AUD had the most severe problems in terms of psychiatric 
comorbidity and social functioning. It may be worthwhile to investigate whether 
escalation of problems can be prevented by special attention to people with one aspect 
of problematic alcohol use and existing correlates of EAC + AUD, for example, low 
socioeconomic status and living without a partner.

The current study used cross-sectional data and it was therefore not possible to 
examine differences in the course of problematic alcohol use between the groups. It 
seems desirable to include both dimensions in future studies examining this course. 
Specifically, longitudinal epidemiological studies generally observe high remission rates 
of AUDs [37], whereas clinical studies describe AUD as a chronic relapsing disorder 
[29]. Perhaps, the higher rate of excessive drinking among those with AUD in clinical 
research compared to those in epidemiological research could play a role in this 
discrepancy [29;38]. Specifically, AUDs with excessive drinking may be associated with 
more persistency than AUDs without excessive drinking. Also, a substantial part of 
those who recover from AUD may still have EAC. This would imply that remission of 
AUD does not necessarily indicate remission of problematic alcohol use and its related 
health consequences. This should be examined in future longitudinal research. 
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aBstract

Aims
To establish the 3-year persistency rate of alcohol use disorder (AUD) and its predictors, 
and to examine drinking patterns of recently remitted individuals. 

Design and setting
The Netherlands Mental Health Survey and Incidence Study-2 (NEMESIS-2) surveyed a 
nationally representative sample of adults (aged 18-64) at baseline (response: 65.1%) 
and 3-year follow-up (response: 80.4%). 

Participants
People with AUD at baseline, as defined by DSM-5 (n = 198).

Measurements
AUD, drinking patterns and mental disorders were assessed using the Composite 
International Diagnostic Interview 3.0. Other predictors were assessed with an 
additional questionnaire. Predictors of persistency were examined with univariable 
and multivariable logistic regression analyses. 

Results
The AUD persistency rate was 29.5% (95% confidence intervals (CI) = 20.0; 39.0). 
In the multivariable model, the older (25-34 and 35-44) age groups had lower AUD 
persistency (odds ratio (OR) = 0.05, 95% CI = 0.00; 0.49 and OR = 0.14, 95% CI = 0.02; 
0.79, respectively) than the youngest age group (18–24). A higher number of weekly 
drinks and a comorbid anxiety disorder predicted AUD persistency (OR = 1.03, 95% CI 
= 1.00; 1.07 and OR = 4.56, 95% CI = 1.04; 20.06, respectively). Furthermore, remission 
was associated with a reduction of six drinks per week between T0 and T1. It should be 
noted, however, that 35.8% (95% CI = 22.4; 49.2) of people in diagnostic remission still 
drank more than the recommended maximum (> 7/14 drinks weekly for women/men).

Conclusions
Only a minority of people in the Netherlands with alcohol use disorder as defined by 
DSM-5 still have the disorder three years later. Factors that help identify people at risk 
of alcohol use disorder persistence are: younger age, a higher number of weekly drinks 
and a comorbid anxiety disorder. A substantial number of people recently in diagnostic 
remission still drink above the maximum recommended level. 

Marlous Tuithof, Margreet ten Have, Wim van den Brink, Wilma Vollebergh, 
Ron de Graaf
Published in Addiction (2013) 108: 2091-2099.
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introduction

Prospective studies on the course of alcohol use disorders (AUDs) in the general 
population have shown relatively low persistency rates (e.g. [1-4]), indicating that AUDs 
are persistent in some and transient in most people. However, persistent AUDs are often 
associated with high personal and societal costs [5-8] and may require expensive and 
intensive treatment [9;10]. Therefore, it is essential to identify people at risk of AUD 
persistency. Furthermore, diagnostic remission does not require a change in drinking 
patterns. Remitted individuals could thus still drink excessively and be at risk of health 
problems and relapse into another episode of AUD [11-14]. Unfortunately, it is largely 
unknown to which degree risky drinking still occurs in recently remitted people.

Epidemiological studies have observed several correlates of AUD persistency: 
male gender [15;16], younger age [16-18], being single [18], more AUD symptoms 
[19], severity of alcohol problems [3;15;20], more alcohol consumption [19], comorbid 
mood and anxiety disorders [3;18;21], comorbid drug dependence [3;16], personality 
disorders [16], smoking [18;19] and negative life events [22]. In contrast, correlates of 
a transient course included treatment utilization [23] and a longer AUD duration [1]. 
Interpretation of these findings is impeded, as most studies were cross-sectional, with 
a retrospective assessment of remission [1;16;18;22;23]. Other studies were longitudinal 
but used general population subsamples (e.g. men [20], young adults [3], anxious or 
depressed people [15;21]), thus preventing inferences about the general population. 
The only exceptions are longitudinal findings from the National Epidemiologic Survey 
on Alcohol and Related Conditions (NESARC), a prospective study including a nationally 
representative sample of US adults with a 3-year follow-up period [4;17;19]. Thus, more 
information derived from longitudinal population-based research seems desirable. 

In previous studies, approximately one-quarter of people in remission from life-time 
AUD currently had risky drinking patterns (for women defined > 7 drinks weekly or 4+ 
drinks on any day and for men > 14 drinks weekly or 5+ drinks on any day) [12;24]. 
They are at increased risk of alcohol-related diseases and relapse into another episode 
of AUD [12;13]. However, findings regarding lifetime remitters cannot be generalized 
to recent remitters. Specifically, as successful long-term remission is associated with 
lower drinking levels [12], conceivably a smaller proportion of risk drinkers is observed 
in lifetime, including long-term successful, remitters than in recent remitters. Thus, 
despite the overall decreased drinking levels associated with AUD remission [25], an 
important proportion may still drink excessively, and this subgroup is important for 
relapse prevention. 

This study investigates predictors of AUD persistency and drinking patterns of 
recently remitted people. Using data from the Netherlands Mental Health Survey and 
Incidence Study-2 (NEMESIS-2), our aims are threefold: to (i) assess the 3-year AUD 
persistency rate in the general population; (ii) predict 3-year AUD persistency using a 
wide variety of predictors including sociodemographics, clinical AUD characteristics, 
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drinking characteristics, psychiatric comorbidity and vulnerability factors; and (iii) assess 
drinking patterns of people in recent diagnostic AUD remission. We hypothesize low 
persistency rates [1-4], but more persistency in those with more severe AUD (e.g. more 
AUD symptoms, higher alcohol consumption), psychiatric comorbidity and higher 
vulnerability (e.g. childhood abuse, negative life events). Finally, we expect that remitted 
cases show a 3-year decrease in drinking levels, but that more than one-quarter of 
them still has a risky drinking pattern. As validity of DSM-IV AUDs has been seriously 
criticized [26-32] regarding content and severity of criteria [26], presence of diagnostic 
orphans [27;28] and low validity of the alcohol abuse diagnosis [29-32], this paper uses 
DSM-5 AUD [33], which addressed most of these problems.

Methods

Data were derived from two waves of NEMESIS-2 [34], a prospective epidemiologic 
survey in the general Dutch population. Baseline data (T0) were collected in November 
2007-July 2009. A multistage, stratified, random sampling procedure of households was 
applied with one respondent (aged 18-64), selected randomly from each household 
[34], resulting in a total sample of 6,646 adults (response: 65.1%). The 3-year follow-up 
wave (T1) included 5,303 adults (response: 80.4%). Those who met criteria for DSM-5 
AUD at T0 (n = 198) were selected for the current study, of whom 155 (78.3% of T0) 
were re-interviewed at T1. No significant associations were found between baseline 
12-month DSM-IV mental disorders and attrition [35]. 

The Composite International Diagnostic Interview (CIDI) version 3.0 was used at 
both waves to determine drinking patterns and DSM-IV mental disorder diagnoses. The 
CIDI is a fully structured, lay administered, interview developed by the World Health 
Organization (WHO), which is used worldwide. Clinical reappraisal interviews showed 
that it has generally good validity [36]. 

Persistency of alcohol use disorder
DSM-IV alcohol abuse and dependence symptoms were assessed with the CIDI, which 
also assessed craving: “Did you ever experience a time when you often had such a 
strong desire to drink that you couldn’t stop yourself from taking a drink or found it 
difficult to think of anything else?”. DSM-5 AUD symptoms include 3 of the 4 DSM-IV 
alcohol abuse criteria (without legal problems), all 7 DSM-IV alcohol dependence criteria 
and a new criterion covering craving [33]. DSM-5 AUD is diagnosed when ≥ 2 out of 
these 11 symptoms are present. Moreover, three severity levels are distinguished: mild 
(2-3 symptoms), moderate (4-5 symptoms) and severe (≥ 6 symptoms) [33]. All DSM-5 
AUD symptoms were assessed using the CIDI 3.0. However, this instrument does not 
assess the DSM-5 clustering criterion (≥ 2 symptoms in the same 12-month period). 
Therefore, a symptom count was used to construct the diagnosis [37;38] and associated 
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severity levels. Persistency of AUD was defined as ≥ 2 DSM-5 AUD symptoms in the 
past 12 months at both T0 and T1.

Predictors of persistency
All predictors were recorded at T0 except parental psychiatric history, which was 
assessed at T1.

Sociodemographics included gender, age, low educational level (primary, basic 
vocational or lower secondary education), living without a partner, not having children 
at home, being unemployed, not having enough income to live on and living in an 
urban area. 

AUD and drinking characteristics included the number of 12-month DSM-5 AUD 
symptoms, mean impairment in four areas of role functioning due to AUD (assessed 
with the Sheehan Disability Scale [39]), age of AUD onset, number of years that AUD 
was present (duration) and usual number of weekly drinks (see below). 

Psychiatric comorbidity included 12-month mood disorder (major depression, 
dysthymia, bipolar disorder), anxiety disorder (panic disorder, agoraphobia, social 
phobia, specific phobia, generalized anxiety disorder), drug use disorder (drug abuse 
or dependence), and antisocial personality disorder. 

Vulnerability factors were: smoking in the four weeks prior to the interview, lifetime 
parental history of depression/anxiety or of alcohol/drug addiction, mean number of 
12-month negative life events (0-10) [40], having experienced psychological or physical 
abuse (more than once) or sexual abuse (once or more) before age 16, any 12-month 
service utilization and presence of a chronic somatic disease treated by a medical doctor 
in the previous 12 months. 

Change in alcohol consumption
Mean number of weekly drinks at T0 and T1 were computed by multiplying answers to 
two questions: “In the past 12 months, how often did you usually have at least one 
drink – every day, nearly every day, 3-4 days a week, 1-2 days a week, 1-3 days a month, 
or less than once a month?” and “On the days you drank in the past 12 months, about 
how many drinks did you usually have per day?”. Next, three variables regarding 3-year 
change in alcohol consumption were calculated: mean difference in number of weekly 
drinks (continuous), decrease in weekly alcohol consumption between T0 and T1 (yes/
no) and increase in weekly alcohol consumption between T0 and T1 (yes/no). 

A categorical variable representing three T1 drinking categories was constructed: 
low-risk drinking (≤ 7/14 drinks weekly for women/men), moderate-risk drinking 
(8-14/15-21 drinks weekly for women/men) and high-risk drinking (> 14/21 drinks 
weekly for women/men). Additionally, a variable representing severe excessive alcohol 
consumption at T1 was constructed including high-risk drinkers who also reported at 
least three 5+ drinking days a week [37]. 
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Statistical analyses
First, the AUD persistency rate was established, as well as the prevalence rates and 
means of possible baseline predictors of 3-year AUD persistency. Secondly, these 
predictors were examined with univariable logistic regression analyses resulting in 
odds ratios (ORs) with 95% confidence intervals (CI). Thirdly, all predictors significant 
at p < 0.10 in univariable analyses were entered into a multivariable regression model 
to test them in relation to each other. McFadden’s pseudo R2 was computed for the 
multivariable model. Finally, the association between AUD persistency and alcohol 
consumption was examined while adjusting for gender and age.

Some predictors had missing data (six variables with two missing values and one 
with 24 missing values) and there was attrition of 43 respondents (21.7% of T0) between 
T0 and T1. As complete case analyses may introduce bias, missing values were imputed 
using multiple imputation by chained equations. All predictor and outcome variables 
and some additional variables associated with attrition were used for the imputation. 
Using 800 imputation cycles, we imputed 20 datasets [41]. 

Analyses were performed using Stata version 12.1 [42]. All logistic regression models 
were adjusted for the number of days between respondents’ T0 and T1 interview. The data 
were weighted to correct for baseline differences in response rates in subpopulations 
and in the probability of selection of respondents within households. 

results

Sample description 
Sample characteristics are portrayed in Table 4.1. On average, people with 12-month 
AUD at T0 reported 3.3 AUD symptoms. Particularly, 69.3% had a mild, 17.3% a 
moderate and 13.4% a severe AUD. Functional disability due to AUD was fairly low, 
1.2 on a scale from 0 to 10. Mean age of AUD onset was 21.3 and AUD duration was, 
on average, 10.4 years. Mean number of weekly drinks was 21.7.

Univariable predictors of persistency
Of the complete cases with baseline AUD (n = 155), 40 respondents still fulfilled the 
criteria of the disorder in the 12 months prior to T1, corresponding with a weighted 
persistency rate of 30.9%. The imputed persistency rate was 29.5% (95% CI = 
20.0; 39.0). Results of imputed data analyses showed that, on average, people with 
persistent AUD reported 4.2 AUD symptoms at T1 and 57.2% of them had mild, 
17.8% moderate and 24.9% severe AUD. Female gender, low educational level, living 
without a partner and not having children at home predicted persistency. Compared 
to the youngest (18-24), the older (25-34 and 35-44) age categories were at lower 
risk of AUD persistency. Also, persistency risk increased with more 12-month DSM-5 
AUD symptoms, AUD disability and weekly drinks. In contrast, a longer AUD duration 
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decreased this risk. Comorbid anxiety disorder and a higher number of negative life 
events predicted persistency. 

Multivariable predictors of persistency
All predictors significant at p < 0.10 in the univariable analyses were included in the 
multivariable analyses. Compared to the youngest age group, the older (25-34 and 
35-44) age categories were still at decreased risk of AUD persistency. Furthermore, a 
higher number of weekly drinks increased the risk of AUD persistency. The presence 
of a comorbid anxiety disorder increased this risk almost fivefold. Notably, the number 
of 12-month DSM-5 AUD symptoms was no longer associated significantly with 
persistency. The pseudo R2 of the multivariable model was 25.2%. 

Alcohol consumption and AUD persistency
Of all remitted persons, 61% showed a decrease and 24% an increase in the number of 
weekly drinks (Table 4.2) resulting in a mean reduction of 6 drinks per week between 
T0 and T1. In comparison, 51% of the people with a persistent AUD showed a decrease 
and 43% an increase in the number of weekly drinks, with an overall increase of 
10 drinks per week. 

Table 4.2. Three-year change in alcohol use and follow-up (T1) alcohol use by persistency of DSM-5 alcohol 
use disorder (AUD) in weighted column percentages or weighted means and weighted odds ratios (ORs) 
with 95% confidence intervals (95% CI) in people with baseline AUD (n = 198).

Total
No 

persistency Persistency AUD persistency

%/mean %/mean %/mean OR (95% CI)

3-year change in alcohol use

Mean difference in number of weekly drinks -1.0 -5.5 9.6 1.04* (1.01; 1.06)

Decrease in number of weekly drinks (%) 58.2 61.1 51.1 0.56 (0.20; 1.56)

Increase in number of weekly drinks (%) 29.8 24.0 43.4 2.63 (0.90; 7.62)

T1 alcohol use

Mean number of weekly drinks 20.6 12.4 40.5 1.07** (1.03; 1.12)

Amount of drinking (%)

Low-risk drinking 51.3 64.2 20.3 1.00 -

Moderate-risk drinking 22.0 20.3 26.4 4.48* (1.22; 16.40)

High-risk drinking 26.6 15.5 53.2 14.69*** (3.92; 54.99)

Excessive alcohol consumption (%) 15.7 7.7 34.9 10.66*** (2.98; 38.17)

Note. * p < 0.05; ** p < 0.01; *** p < 0.001. Low-risk drinking: ≤ 7/14 drinks weekly for women/men; Moderate-
risk drinking: 8-14/15-21 drinks weekly for women/men; High-risk drinking: > 14/21 drinks weekly for women/
men; Excessive alcohol consumption: high-risk drinking and at least three 5+ drinking days a week. ORs were 
adjusted for age and gender.
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On average, remitted individuals drank moderately, as shown by both the mean 
number of weekly drinks (12) and the proportion of low-risk drinking (64.2%). Low-risk 
drinkers can be divided further into a small group with abstention (no alcohol consumed: 
9.2%) and a much larger group with low-risk drinking (≤ 7/14 drinks weekly for women/
men: 55.0%). Nonetheless, 35.8% (95% CI = 22.4; 49.2) of the remitted individuals 
still drank considerably. Specifically, 20% drank at moderate risk, 16% at high risk and 
8% met our criteria of excessive alcohol consumption, as they also had at least three 
5+ drinking days per week. However, the group with persistent AUD drank much more: 
on average 41 drinks per week and 26% drank at moderate-risk, 53% at high-risk and 
35% met criteria for excessive alcohol consumption. 

discussion

Key findings
The 3-year AUD persistency rate was 29.5%, confirming the relatively low persistency 
rates in previous epidemiological research (e.g. [1-4]) with the new DSM-5 definition. 
Factors that could help to identify people at risk of AUD persistency were: younger 
age, a higher number of weekly drinks and comorbid anxiety disorder. Furthermore, 
36% remitted individuals still drank considerably (> 7/14 drinks weekly for women/
men), which puts them at risk of physical and mental harm related to excessive alcohol 
consumption [11-14]. 

Limitations
As alcohol consumption and AUD diagnosis were based on self-report, recall bias might 
be an issue. For example, regarding alcohol consumption, people may have difficulty 
remembering the amounts and frequencies in an average week which may have resulted 
in a biased estimate, most probably an underestimation of alcohol consumption [43]. 

In prospective studies, the validity of findings can be affected adversely by sample 
attrition [44-46]. However, in a previous report on NEMESIS-2, no such bias was found 
for DSM-IV mental disorders [35]. Additionally, as multiple imputation was used to 
deal with missing data, we assume that sample attrition has had little effect on the 
presented findings.

The DSM-5 clustering criterion (≥ 2 symptoms in the same 12-month period) was 
not assessed and therefore we used a symptom count to generate the AUD diagnosis 
[37;38]. This may have resulted in an overestimation of prevalence rates and an 
underestimation of AUD persistency. However, the bias is possibly limited because the 
presence of multiple symptoms has been associated with poor outcomes, regardless of 
12-month clustering [47]. More importantly, the CIDI 3.0 was designed and validated 
with regard to DSM-IV AUDs [36] and not DSM-5 AUD. Although the criteria used in 
DSM-IV and DSM-5 are largely the same, the reliability of the DSM-5 AUD diagnosis 
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based on the CIDI 3.0 is unknown and could be lower than for DSM-IV, which may 
have resulted in a somewhat lower AUD persistency rate. 

The number of subjects with DSM-5 AUD at baseline was limited, resulting in limited 
power in current analyses, thus precluding detection of smaller effects. Also, it was not 
possible to examine whether predictors of AUD persistency played a differential role in 
subgroups such as females, young adults or those with severe AUD. 

Similar to previous studies [4;15], AUD persistency was regarded to be present 
if respondents reported 12-month AUD at both waves. Other longitudinal studies, 
including NESARC, used other definitions of persistency, such as the presence of at 
least one 12-month AUD symptom [20;21], including 12-month high-risk drinking [19] 
or the presence of AUD at any time between measurements [2;17]; or remission was 
divided in abstinent and non-abstinent remission [19]. Additionally, the follow-up period 
varied greatly among studies (range: 2-40 years [2-4,15,17,19-21,24]). These and other 
methodological differences hinder a direct comparison of findings. 

Findings
Even though the 3-year persistency of DSM-5 AUD was quite low (30%), it was higher 
than persistency of DSM-IV alcohol abuse (15%) and dependence (25%) observed in 
a previous Dutch epidemiological study using a similar design and the same follow-up 
period [2]. These differences in persistency may be real differences, but may also 
reflect differences in CIDI 3.0 or DSM definitions. Nevertheless, confirming previous 
epidemiological research [48], it was observed in the present study that the vast majority 
of people with DSM-5 AUD had a mild form of AUD, which is likely to be associated 
with low levels of disability. This suggests, in combination with the low persistency rates, 
that an AUD diagnosis may not be clinically relevant for most people in the general 
population. It therefore seems imperative to use targeted interventions and to focus 
on those at risk of an unfavorable course.

Contrasting other studies [15;16], female gender predicted AUD persistency in 
the univariable analyses. Notably, a recent literature review observed that females in 
younger birth cohorts have a higher risk of AUDs than females in older birth cohorts 
[49]. Moreover, females have more severe AUD than males [50]. As we also observed 
that being in the youngest age group (18-24) predicted AUD persistency [16-18], this 
raises the question of whether or not risk of persistency may be strongest for females 
in the youngest age group. Post-hoc analyses confirmed this notion, as the persistency 
rate was much higher for young females (84%) than for older females (23%) or young 
(42%) or older males (17%). As young adults are obtaining an education or starting 
their career, alcohol problems at this age may seriously damage their prospect and thus 
attention for alcohol-related problems in young females seems desirable.

As hypothesized, more T0 AUD symptoms [19], more AUD-related disability [3;15;20] 
and more weekly drinks [19] increased the risk of AUD persistency. Notably, only the 
number of weekly drinks remained a significant predictor in the multivariable model. 
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This may be due to limited statistical power, especially because only a small proportion of 
the subjects had a severe baseline AUD in terms of number of symptoms or AUD-related 
disability. However, it also suggests that number of weekly drinks predicts a severe 
AUD course independent of AUD severity. Future studies should thus consider both 
AUD severity and alcohol consumption to increase comprehension of the dynamics of 
AUDs [37]. Remarkably, in the univariable analyses, a longer duration of AUD decreased 
the risk of persistency. This finding seems counterintuitive, but is in accordance with 
previous observations [1]. Conceivably, it is caused by the high persistency rate in the 
youngest age group, for whom a long AUD duration is not yet possible. 

Comorbid anxiety disorder was a powerful predictor of AUD persistency [51]. 
Anxiety disorders may predict AUD persistency because they are associated with 
more severe AUD or higher alcohol consumption. However, the stronger association 
between anxiety disorders and AUD persistency in the multivariable model contradicts 
this explanation. Alternatively, anxious people use alcohol to alleviate anxiety; i.e. as 
a form of self-medication [52;53], and therefore alcohol problems more often persist. 
A similar relation was expected with regard to mood disorders and AUD persistency 
[3;18;54], but although we observed more persistency in those with a mood disorder, 
this association was not statistically significant. Nevertheless, these findings indicate 
that people with an AUD should be monitored for symptoms of other mental disorders 
[55;56], as interventions targeting these symptoms could also prevent a more severe 
course of AUD. 

The number of negative live events was the only vulnerability factor that increased 
persistency risk [22]. Post-hoc analyses showed that of the specific life events, only 
serious problems with someone important or financial difficulties increased this risk. 
Contrasting other studies [1;18;19;23], none of the other vulnerability factors (smoking, 
parental psychiatric history, abuse before age 16, service utilization and chronic somatic 
disease) were associated significantly with AUD persistency. 

Drinking patterns of people with a remitted AUD changed in accordance with our 
expectations: remission was associated with decreased drinking levels, although only 
9.2% abstained, indicating that a reduction in risk-drinking is more important for 
remission than abstinence per se [57]. Notably, 20% of those in diagnostic remission 
reported moderate-risk drinking and 16% high-risk drinking. As remitted individuals 
with continued excessive drinking patterns have an increased risk of relapse [12;13], it 
seems desirable that prevention of relapse focuses on this group. Unfortunately, the 
limited number of remitted individuals hindered us to identify characteristics associated 
with risk drinking while being in remission. Nevertheless, this finding suggests that 
no longer fulfilling DSM-5 AUD diagnostic criteria is necessary but not sufficient to 
define remission. Lastly, a significant part of those with a persisting AUD did not drink 
excessively. Although striking, this is in accordance with previous cross-sectional findings 
based on the same dataset [37]. As post-hoc analyses showed that the DSM-5 severity 
levels were gradually associated with the number of weekly drinks, it seems desirable to 
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take both DSM-5 severity and actual alcohol consumption into account when examining 
severity of the disorder.

Implications
In a large prospective population-based study fewer than one-third of the people 
with baseline AUD still had the disorder at 3-year follow-up. Interventions, including 
prevention strategies [58], should therefore pay extra attention to those at highest risk 
of persistency, namely younger people, and especially young women, with AUD and 
people with a comorbid anxiety disorder [10;52]. Furthermore, the number of weekly 
drinks was a predictor of a persistent course regardless of the number of AUD symptoms 
or AUD-related disability and could thus also be used to identify people at risk of 
persistency. Finally, it should be noted that people in recent diagnostic remission from 
AUD may still drink considerably with continued health-related risks and an increased 
risk of relapse. To help improve targeted relapse prevention, future studies should 
examine predictors of excessive drinking after diagnostic remission.
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aBstract

Background
Alcohol consumption levels and alcohol use disorder (AUD) symptoms may serve as 
easily quantifiable markers for AUD relapse after remission and might help prevention 
workers identify at-risk individuals. We investigated the predictive value of alcohol 
consumption and AUD symptoms on relapse. 

Methods
Data are from the Netherlands Mental Health Survey and Incidence Study-2 (NEMESIS-2). 
We selected 506 people in ≥ 12-month DSM-5 AUD remission at baseline and assessed 
their status at 3-year follow-up. AUD symptoms and drinking patterns were assessed 
using the Composite International Diagnostic Interview 3.0. Time since remission was 
assessed retrospectively at baseline and ranged from 1 to 48 years. Predictors for relapse 
were examined using Cox regression analysis. 

Results
Cumulative AUD relapse rate was 5.6% at 5 years, 9.1% at 10 years and 12.0% at 
20  years. Relapse was predicted by both medium (15-28/22-42 drinks weekly for 
women/men) and high (≥ 29/43) past alcohol intake, ≥ 6 lifetime AUD symptoms, 
‘impaired control over use’, and at-risk (≥ 8/15) current intake. The risk of relapse was 
especially high when medium or high past intake or ≥ 6 lifetime symptoms coincided 
with current at-risk drinking. 

Conclusions
Only a minority of people in DSM-5 AUD remission relapsed, but the risk of relapse 
increased substantially with the presence of at least one of the risk factors. Moreover, 
at-risk current drinking coupled with other risk factors substantially increased the 
likelihood of relapse. Therefore, current drinking may provide an adequate reference 
point for relapse prevention.

Marlous Tuithof, Margreet ten Have, Wim van den Brink, Wilma Vollebergh, 
Ron de Graaf
Published in Drug and Alcohol Dependence (2014) 140: 85-91.
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introduction

Population-based studies suggest that approximately one in five people meet the criteria 
for an alcohol use disorder (AUD) in their lifetime [1-3]. The disorder usually presents 
itself in a mild form: approximately 70% go into remission within three years [4-6] 
and only a small minority of those in remission experience a relapse [5;7]. Even though 
relapse rates are low, the high personal and societal costs associated with chronic, 
recurrent AUD [8;9] warrant the need for relapse prevention measures. The small group 
at risk of recurrence should be distinguished from those with a high probability of 
sustained remission. Although information from longitudinal population-based research 
is limited, there are indications that alcohol consumption level and AUD symptoms 
could serve as easily quantifiable markers [10] which could help general practitioners 
and prevention workers to identify people at risk of relapse. 

A 30-year prospective study among males observed that higher drinking frequency 
predicted relapse [11]. Longitudinal epidemiological studies have observed that past 
alcohol consumption predicted AUD incidence [12;13] and persistence [4;6], but to 
our knowledge, relapse after AUD remission has not been examined. There is also 
population-based evidence for the role of the number of AUD symptoms in predicting 
relapse [7], but the predictive value of specific AUD symptoms on relapse remains under-
researched. Such information could be valuable because dependence symptoms and 
craving, rather than abuse symptoms, have been shown to be important predictors of 
AUD persistence in a longitudinal population-based study [14]. Specific symptoms may 
predict a severe course of AUD, including relapse. Moreover, as past alcohol intake and 
AUD symptoms are related [15], these aspects should be examined in relation to one 
another in order to determine their predictive value.

Furthermore, at-risk drinking during remission may present an additional risk 
[7]. Previous research has shown that roughly one-third of those in remission drink 
considerably (> 7 drinks weekly for women and > 14 drinks weekly for men [6;7]), and 
are at increased risk of relapse [7;15]. Moreover, at-risk drinking during remission may 
moderate the relationship between past alcohol intake and number or type of AUD 
symptoms and relapse. In particular, people with a high past alcohol intake or a high 
number of lifetime AUD symptoms who drink considerably during remission may have 
a particularly high risk of relapse.

This article aims to establish the predictive value of past alcohol intake, number and 
type of lifetime AUD symptoms and alcohol intake during remission on AUD relapse. 
Data are from a general population survey with 506 people in AUD remission in the 
12-months before baseline and their 3-year follow-up. The study examines whether: (i) 
high past alcohol intake and a high number of lifetime AUD symptoms each predict AUD 
relapse; (ii) lifetime AUD symptom type predicts relapse independently of past alcohol 
intake; (iii) at-risk drinking during remission, i.e. current at-risk drinking, predicts relapse 
and moderates the relationship between lifetime AUD characteristics and relapse. 
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Methods

Sample
Data were obtained from the first two waves of the Netherlands Mental Health Survey 
and Incidence Study-2 (NEMESIS-2); a prospective epidemiologic survey in the general 
Dutch population. Baseline data (T0) were collected between November 2007 and July 
2009. A multistage, stratified, random sampling procedure of households was applied 
with one respondent randomly selected in each household [16]. This resulted in a total 
sample of 6,646 adults aged 18-64 (response: 65.1%) at baseline. 

The Composite International Diagnostic Interview (CIDI) 3.0 was used at baseline (T0) 
and 3-year follow-up (T1) to identify drinking patterns and AUD diagnoses. Specifically, 
a lifetime version was administered at T0 and a 3-year version at T1. The CIDI is a fully 
structured, lay administered, internationally recognized interview developed by the 
WHO. Clinical reappraisal interviews indicate good validity [17].

Cohort 
Using both retrospective and prospective data, we aimed to study the time to relapse for 
AUD in relation to associated risk factors among respondents in remission. To compile 
the study sample, respondents with a lifetime AUD diagnosis at T0 (n = 706) were 
identified. Next, 198 individuals with a current AUD episode at T0 and two individuals 
with invalid data on ‘age of last AUD episode’ were excluded. Of the remaining 
506 subjects at risk of relapse, 421 (83.2% of T0) were interviewed again at 3-year 
follow-up (T1). Attrition was not associated with demographics (age and sex), past 
alcohol consumption level, number and type of lifetime AUD symptoms or current 
at-risk drinking (univariable analyses). 

Assessments
Alcohol use disorder and symptoms. The CIDI 3.0 [18] assessed lifetime (T0) and 
3-year (T1) presence of all separate DSM-5 AUD symptoms of alcohol abuse, dependence 
and craving [19]. The CIDI 3.0 assessed recency of the last episode of AUD retrospectively 
at T0: respondents were asked at what age the previous AUD episode ended. The relapse 
age was assessed at T1: respondents were asked at what age the first episode of AUD 
since T0 began. The DSM-5 cluster criterion (≥ 2 symptoms in the same 12-month 
period) was not included in our diagnosis [6;20;21]. Based on DSM-5 severity levels, 
the lifetime number of symptoms was categorized as mild (2-3 symptoms), moderate 
(4-5 symptoms) or severe (≥ 6 symptoms) AUD. 

Relapse. Relapse was deemed to have occurred if respondents reported ≥ 2 DSM-5 
AUD symptoms between T0 and T1. Time to relapse was assessed using the age of 
recency reported at T0 and the relapse age collected at T1. For example, if a respondent 
was 48 at T0 and the previous episode of AUD ended at age 43, the time in remission 
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was five years at baseline. If another episode of AUD is reported between T0 and T1 at 
age 49, time to relapse is 6 years.

Alcohol consumption. Past alcohol intake was calculated by multiplying answers 
to two questions: “Think about the years in your life when you drank most. During 
those years, how often did you usually have at least one drink: every day, nearly 
every day, 3-4 days a week, 1-2 days a week, 1-3 days a month, or less than once a 
month?” and “On the days you drank during those years, about how many drinks did 
you usually have per day?”. Next, a categorical variable was constructed with three 
levels of past alcohol intake: low-risk drinking with ≤ 14/21 drinks weekly for women/
men; medium-risk drinking with 15-28/22-42 drinks weekly for women/men; and 
high-risk drinking with ≥ 29/43 drinks weekly for women/men. The first cut-off point 
was drawn from internationally recognized low-risk drinking guidelines [22;23]; the 
second cut-off point doubled these numbers and was used to identify a high-risk 
group. Respondents answered two similar questions about alcohol intake in the past 
12-months to assess current intake. Current at-risk drinking was set at ≥ 8/15 drinks 
weekly for women/men, a lower level than that used to assess past intake, in line 
with previous research [6;7].

Statistical analyses
AUD relapse (yes/no) during the 3-year follow-up period was the primary outcome 
variable. The Kaplan–Meier curve was used to estimate cumulative relapse rates, which 
are somewhat higher than unadjusted relapse rates, due to a correction for censored 
data [24]. For each year since remission, a relapse rate is calculated by dividing the 
number of people who relapsed by the number still at risk, thus without censored data 
for that point in time (i.e., data from those who already relapsed or those with a more 
recent remission). Cumulative relapse rates are calculated by multiplying the relapse 
rates reported up to that point. Thus, all respondents, including those not assessed at 
follow-up, were included in the analyses (n = 506).

After a check of the proportional hazards assumption (the shape of the survival 
function must be the same for all levels of a particular risk factor), both univariable and 
multivariable Cox regression analyses were performed to examine predictors for time 
to relapse, both separately and in relation to one another. This method corrects for 
censored data [24]. Finally, whether current at-risk drinking moderated the association 
between lifetime predictors (past alcohol intake, number of lifetime AUD symptoms, 
and significant symptom type) and AUD relapse was investigated using an additive 
model: additive interaction exists if the combined effect of lifetime characteristics 
and current at-risk drinking on AUD relapse is stronger than the sum of the separate 
effects. Additive interaction was tested by comparing the hazard ratio (HR) of lifetime 
characteristics and current at-risk drinking combined with the expected value in the 
event of no interaction: HR (AB) ≈ HR (A) + HR (B) - 1. If the expected HR is smaller 
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than the lower threshold of the 95% confidence interval for the HR of the combined 
effect, additive interaction is assumed [25-28]. 

Analyses were performed using Stata version 12.0 [29]. The data were weighted to 
correct for baseline differences in the response rates in different population groups and 
differences in the probability of respondent selection within households. As previous 
research suggests that age and sex affect relapse rates [7;30], all analyses were adjusted 
for age and sex.

results

Description of the sample
Table 5.1 shows age and sex of the total group and the separate alcohol use disorder 
characteristics. The majority of the 506 respondents in remission from DSM-5 AUD were 
male (76.0%) and had a mean age of 40 years (SE = 0.8). At baseline (T0), time since 
remission ranged from 1 to 48 years with an average of 11 years (SE = 0.6) (not in table). 
Between T0 and T1, 46 respondents developed two or more DSM-5 AUD symptoms and 
were thus deemed to have relapsed. The estimated cumulative relapse rate was 1.4% 
at 1 year, 2.9% at 2 years, 5.6% at 5 years, 9.1% at 10 years and 12.0% at 20 years 
(Figure 5.1). Thereafter, remission appeared quite stable with a total cumulative relapse 
rate of 12.8% after 22 years.

Figure 5.1. Kaplan-Meier curve of time to relapse of DSM-5 alcohol use disorder (AUD) in a 
cohort of respondents in remission from AUD at baseline (n = 506). The risk table presents the 
number of respondents at risk at the corresponding point in time. 
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Alcohol use disorder characteristics as predictors of relapse
Respondents had a mean past alcohol consumption level of approximately 50 drinks 
weekly (SE = 5.6) and reported on average 3.4 lifetime AUD symptoms (SE = 0.1). 
Notably, the correlation coefficient between past alcohol intake and number of lifetime 
symptoms was only 0.32. Table 5.1 shows that respondents were equally distributed 
across the three past alcohol intake categories. Moreover, the majority of the respondents 
(71.6%) reported lifetime mild AUD (2-3 symptoms), 14.0% reported moderate AUD 
(4-5 symptoms) and 14.4% reported severe AUD (≥ 6 symptoms). Univariable analyses 
showed that both medium (15-28/22-42 drinks weekly for women/men) and high 
(≥ 29/43) alcohol intake predicted relapse, as did lifetime severe AUD, but not lifetime 
moderate AUD. The multivariable model showed that high alcohol intake did not 
significantly predict relapse, but medium alcohol consumption and lifetime severe AUD 
did when adjusted for each others’ effect. Based on these findings, two dichotomous 
variables were constructed for further analyses, for medium to high alcohol intake (yes/
no) and presence of lifetime severe AUD (yes/no). 

Prevalence was highest for the lifetime AUD symptoms ‘larger quantities or longer 
than intended’ and ‘hazardous use’, and lowest for ‘important activities given up or 
reduced’ and ‘continued use despite physical or psychological harm’ (Table 5.2). In the 
univariable analyses, risk of relapse was higher for the lifetime AUD symptoms ‘impaired 
control over use’, ‘use despite social or interpersonal problems’, and ‘craving’. In the first 
multivariable model, which included symptoms with p < 0.10 in the univariable analyses, 
only ‘impaired control over use’ predicted relapse. The second multivariable model also 
included past alcohol intake and results showed that both ‘impaired control over use’ 
and past alcohol intake predicted relapse, independently of one another. 

Current at-risk drinking
At baseline, 31.3% (n = 155) of the respondents reported current at-risk drinking, 
i.e. ≥ 8/15 drinks weekly for women/men during remission. The cumulative relapse rate 
of respondents with current at-risk drinking (25.3% after 20 years) was twice that of 
the overall cumulative relapse rate (12.0%). Current at-risk drinking predicted relapse in 
both univariable (HR = 4.74, 95% CI = 2.09; 10.78) and multivariable analyses [adjusted 
for significant lifetime characteristics: at least medium alcohol intake, lifetime severe 
AUD, and ‘impaired control over use’ (HR = 4.92, 95% CI = 2.16; 11.17)]. Moreover, 
moderation analyses demonstrated that current at-risk drinking exacerbated the effect 
of medium to high alcohol intake (HR = 9.72, 95% CI = 2.87; 32.94, cf 2.46) and lifetime 
severe AUD (HR = 25.84, 95% CI = 9.05; 73.76, cf 8.81) on the risk of relapse, but no 
significant moderation was observed with the lifetime AUD symptom ‘impaired control 
over use’ (Table 5.3).
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discussion

Key findings
In this longitudinal population-based study, the cumulative relapse rate of DSM-5 AUD 
after 20 years was only 12%, with very few new cases of relapse. Past alcohol intake 
and number of lifetime symptoms were important predictors, each contributing to the 
risk of relapse, independently. Therefore, both characteristics could be used to target 
relapse prevention efforts. This was also true for the lifetime AUD symptom ‘impaired 
control over use’. Special attention should be paid to reducing intake among people 
in remission: this was a strong independent predictor of relapse and current at-risk 
drinking exacerbated the effect of past alcohol consumption levels and number of 
lifetime AUD symptoms on the risk of relapse. 

Table 5.3. Combined effects of lifetime characteristics and current at-risk drinking on relapse (n = 46) in 
individuals with a DSM-5 AUD in diagnostic remission for at least 12 months at baseline (n = 506). Results 
of Cox survival analyses in hazard ratios (HRs) with 95% confidence intervals (95% CI).

Combined effect of Relapse a

HR (95% CI) p Expected HR b

Past medium-risk drinking Current at-risk drinking

No No 1.00 - -

Yes No 1.98 (0.45; 8.68) 0.364

No Yes 1.48 (0.22; 9.96) 0.688

Yes Yes 9.72 (2.87; 32.94) < 0.001 2.46

Lifetime severe AUD Current at-risk drinking

No No 1.00 - -

Yes No 4.33 (0.92; 20.44) 0.064

No Yes 5.48 (2.44; 12.28) < 0.001

Yes Yes 25.84 (9.05; 73.76) < 0.001 8.81

Impaired control over use Current at-risk drinking

No No 1.00 - -

Yes No 9.11 (2.31; 35.98) 0.002

No Yes 8.68 (2.58; 29.20) 0.001

Yes Yes 29.65 (9.80; 89.69) < 0.001 16.79

Note. - Not calculated. In bold means significant at 0.05 for the combined effect. AUD: alcohol use disorder; 
Current at-risk drinking: ≥ 8/15 drinks weekly for women/men; Past medium-risk drinking: ≥ 15/22 drinks weekly 
for women/men; Lifetime severe AUD: ≥ 6 lifetime AUD symptoms.
a Analyses were adjusted for sex and age.
b Expected HR in the case of no interaction is the sum of the separate effects of the lifetime characteristic and 
current at-risk drinking. Additive interaction is assumed if the expected HR lies below the lower limits of the 
confidence intervals of the combined effect of the lifetime characteristic and current at-risk drinking.
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Limitations
When interpreting the findings, the following limitations should be taken into account. 
First, the DSM-5 clustering criterion (≥ 2 symptoms in the same 12-month period) 
was not included in our AUD diagnosis [6;20;21]. This may have resulted in some 
overestimation of the lifetime prevalence of AUD. However, this effect is likely to be small 
because multiple symptoms have been shown to be associated with poor outcomes, 
regardless of 12-month clustering [31]. Second, the CIDI 3.0 was designed and validated 
for the assessment of DSM-IV AUDs [17], not for DSM-5 AUD. Although the criteria 
used in DSM-IV and DSM-5 are very similar, reliability of the DSM-5 AUD diagnosis 
based on the CIDI 3.0 is unknown and could be lower than for DSM-IV, which may 
have resulted in a somewhat higher relapse rate. Third, in line with other population-
based surveys, alcohol intake and AUD symptoms and AUD remission were assessed 
by self-report. Reports on such behavior may be influenced by social stigma. Moreover, 
people may have difficulties remembering which symptoms were present or the exact 
time since the last episode of AUD, particularly people in long-term remission. Such 
biases may have resulted in an underestimation of the predictive value of past drinking 
levels and lifetime AUD symptoms. Fourth, in prospective studies, the internal validity 
of findings may be affected by selective attrition [32-34]. Assuming that censoring is 
noninformative (independent of the study outcome – in this instance AUD relapse), 
Cox regression deals with censored data. In NEMESIS-2, attrition was not associated 
with DSM-IV mental disorders after adjusting for sociodemographic characteristics 
[35] and we observed no association between attrition and relapse predictors in the 
present study. Therefore, sample attrition is unlikely to have an important effect on 
our findings. Finally, the present study focused on easily quantifiable markers of AUD 
relapse. However, a broader set of risk factors, such as comorbid psychopathology and 
childhood maltreatment, is likely to be relevant for prediction of relapse and should be 
examined in future research. 

Findings
This major longitudinal population-based study shows that only a small minority of 
people with lifetime AUD experience a relapse [5;7] - the cumulative relapse rate after 
20 years was 12.0%. Comparison with previously observed relapse rates is difficult due 
to methodological differences. For example, a previous prospective general population 
study in the Netherlands [5] observed a 2-year relapse rate of DSM-IV alcohol abuse 
and alcohol dependence of 10.0% and 13.6%, respectively. Initially, this seems much 
higher than our cumulative 2-year relapse rate (2.9%). However, that study only 
included people in 12-month diagnostic remission [5], thus, no individuals in long-term 
remission, whereas risk of relapse decreases with time since remission [7]. Post-hoc 
analyses confirmed that the focus on individuals only recently in remission explains this 
discrepancy. Specifically, 41 participants in our study had a remission time of only 1 year 
at baseline and their relapse rate at 3-year follow-up was 14.8%, i.e. comparable to 
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the previous study in the Netherlands. Thus, taking into account time since remission 
has a major impact on the findings and is therefore an essential factor when examining 
predictors for relapse. Moreover, as this was the first population-based study, which 
assessed time to relapse, we could observe that the relapse was quite stable at a very 
low level after 20 years.

The weak correlation coefficient between past alcohol intake and number of 
lifetime AUD symptoms is in line with previous, cross-sectional, findings from NEMESIS-
2. Specifically, limited overlap between excessive drinking and AUDs was observed, 
suggesting that these factors are indicative of discrete aspects of problematic alcohol 
use [21]. The current study observed that past alcohol intake and number of lifetime 
AUD symptoms both predicted relapse, independently of one another. General 
practitioners could use both aspects to identify people with lifetime AUD at-risk 
of relapse. In DSM-5, AUD severity is assessed on a scale based on the number of 
symptoms: mild (2-3 symptoms), moderate (4-5 symptoms) and severe (≥ 6 symptoms). 
Whereas there were no significant difference in relapse risk between those with mild 
and those with moderate AUD, the small group of people with severe AUD (14.4%) 
were at substantially higher risk of relapse. Even though prevention of relapse in the 
larger group with mild or moderate AUD could prevent more costs at societal level [36], 
targeting this smaller, but more severe group seems more efficient, given the strong 
association with relapse. The effect of past alcohol intake was somewhat difficult to 
ascertain as the risk of relapse was substantially increased in groups with past alcohol 
intake of just ≥ 15/22 drinks weekly for women/men, including two-thirds of those 
in AUD remission. This group is much too large for targeted prevention and therefore 
past alcohol consumption may be better used as a marker for relapse in combination 
with other risk factors. 

Of the specific AUD symptoms, we found that ‘impaired control over use’ (lifetime 
prevalence: 25.8%) was the strongest predictor of relapse both in univariable analyses 
and when controlled for the presence of other significant symptoms and past alcohol 
intake. This specific AUD symptom has also been found to predict other associated 
phenomena, such as incidence of substance use disorders [37;38] and AUD persistence 
[14]. The present findings show that even when people with this symptom succeed in 
controlling their drinking and remit from AUD, risk of relapse remains high, i.e., more 
than a quarter of them relapsed within 20 years. In the CIDI 3.0, the exact wording 
of this symptom was: “Were there times when you tried to stop or cut down on your 
drinking and found that you were not able to do so?”. Notably, this is somewhat stricter 
than the DSM-5 definition of the symptom (i.e., “persistent desire or unsuccessful 
efforts to cut down or control use”) and also stricter than the definition of impaired 
control in the early models of alcoholism, which more generally referred to an “inability 
to control one’s drinking” [39;40]. Even though the rather strict CIDI definition may have 
strengthened the role of impaired control in the prediction of relapse, the definition 
is concrete and can be easily and reliably assessed [17]. Moreover, the early models of 
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alcoholism already described loss of control as a core aspect of alcoholism and that 
perspective is supported by the current findings.

Regarding craving, findings in this population-based study only partly confirm 
previous clinical findings in which craving was identified as an important predictor 
for relapse [41]. Previous epidemiological research has led to skepticism with regard 
to the role of craving in the diagnosis of AUD. For example, Keyes at al. observed that 
with the addition of craving, few new cases were identified and only limited additional 
information regarding severity of the disorder was obtained [42]. Nevertheless, our 
findings suggest that lifetime craving might be of some value in identifying people at 
risk of relapse as more than one-fifth of the individuals with lifetime presence of craving 
relapsed within 20 years. 

In line with previous research [7], we observed that at-risk drinking during remission 
increased the risk of relapse. This was also the case when adjusted for the effect of 
other significant lifetime predictors. As current drinking patterns can be easily identified, 
at-risk drinking may provide an adequate starting point for relapse prevention. Moreover, 
we observed that an accumulation of risk factors substantially increased the likelihood 
of relapse. Particularly, at-risk drinking during remission intensified the relationship 
between medium to high past alcohol intake and relapse, as well as that between 
lifetime severe AUD and relapse. This suggests that for people with those severe lifetime 
characteristics of AUD, special attention should be given to drinking habits during 
remission. Focus on abstinence or very low intake is advisable for this group.

Implications
Our findings suggest that lifetime AUD characteristics may help to detect individuals 
at risk of chronic, recurrent AUD. Those with higher past alcohol intake or more 
lifetime AUD symptoms, as well as those with ‘impaired control over use’ seem to 
have an increased risk of relapse. Careful monitoring and assistance for people with 
these characteristics may prevent relapse. In addition, special attention should be 
paid to drinking patterns during remission. Reduced-risk drinking is frequently used in 
web-based interventions [43;44] and clinical settings [45], but a focus on abstinence 
or very low intake seems preferable [7]. 
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aBstract

Objective
To examine whether it is harmful that subjects with an alcohol use disorder (AUD) in 
the general population rarely seek treatment.

Method
Subjects with a 12-month DSM-5 AUD at baseline and 3-year follow-up data (n = 154) 
from the Netherlands Mental Health Survey and Incidence Study-2 (NEMESIS-2) were 
divided in three mutually exclusive groups: AUD subjects who used (1) only general 
treatment for mental health or alcohol/drugs problems; (2) specialized AUD treatment; 
and (3) no treatment. Treatment utilization covered a 4-year period. The Composite 
International Diagnostic Interview 3.0 assessed AUD and other psychiatric disorders. 

Results
Four-year treatment rates were: 35.4% general treatment; 10.3% AUD treatment; 
54.3% no treatment. Of the three groups, AUD treatment users showed the highest 
baseline and/or follow-up severity on AUD characteristics, comorbid psychopathology 
and mental functioning. Compared to non-treatment, general treatment users more 
often had a 12-month emotional disorder at follow-up, but they did not differ significantly 
in their AUD remission rate and functioning. Moreover, follow-up functioning of non-
treatment users was similar to that of people in the general population without a 
lifetime diagnosis of AUD and of other psychopathology. 

Conclusion
Despite low treatment rates, adequate treatment selection is suggested: the most severe 
AUD subjects use AUD treatment and non-treatment users generally have a favorable 
AUD course. Yet, minorities of non-treatment and general treatment users suffered 
from persistent AUD and may benefit from guidance to AUD treatment. In summary, 
the treatment gap seems smaller than often assumed, but there is a substantial need 
for increased AUD treatment participation.

Marlous Tuithof, Margreet ten Have, Wim van den Brink, Wilma Vollebergh, 
Ron de Graaf
Under review.
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introduction

For decades, concerns have been raised regarding the large treatment gap of alcohol 
use disorders (AUDs): the majority of the people who experience AUD do not enter AUD 
treatment (AUDTx) [1-3]. For example, two population-based surveys in the USA showed 
that only 8% of those with past-year AUD received AUDTx during that period [2]. These 
findings were recently extended by examination of the delay in treatment utilization. In 
the Netherlands, only 7% of those with lifetime alcohol abuse and only 37% of those 
with lifetime alcohol dependence eventually received AUDTx, with a median delay of 
1 and 4 years after AUD onset, respectively [4]. Somewhat higher treatment rates but 
also longer delays are observed worldwide [5-7]. A long-term unmet need for treatment 
of AUDs may thus exist and improvement of treatment access has been suggested a 
public health priority [8-10].

However, others have questioned the magnitude of the treatment gap for AUD, 
because the prevalence of a disorder may not be sufficient to establish treatment need 
when its clinical significance and the natural course have not been determined [11-13]. 
Indeed, population-based research showed that AUDs, and especially alcohol abuse, 
are often mild and do not interfere strongly with daily activities [13-15]. Moreover, 
AUDs in the general population are associated with high spontaneous remission rates 
[16-19] and thus not all of those with an AUD diagnosis may actually need AUDTx. 
It is undesirable when severe AUD cases do not receive treatment, but when non-
treatment (NonTx) users turn out to be mild AUD cases with a favorable course, their 
decision not to seek treatment may be justified and likely be cost-effective. Lastly, the 
treatment gap may be smaller than projected because people with AUD may receive 
general treatment for mental health or other addiction problems (GenTx) rather than 
AUDTx [2;20]. Although GenTx is not likely to focus on the AUD [21;22], it may be 
possible to achieve a favorable AUD outcome when any type of general treatment 
is received. 

To guide the discussion on the treatment gap, four aspects should be considered. 
First, given the present context of limited resources, especially people with a severe 
disorder should enter AUDTx. Preferably, both severe clinical characteristics and high 
rates of alcohol consumption trigger AUDTx utilization, as both aspects are markers 

of a severe AUD course [15;16;18;23;24]. Previous research indeed showed that the 
first aspect, severe clinical characteristics in terms of alcohol dependence (vs. alcohol 
abuse) and severe impairment due to AUD, was associated with AUDTx utilization [2]. 
The second aspect, rate of alcohol consumption, was not yet examined in this regard 
and its impact on treatment utilization is therefore unknown. Second, people with AUD 
often receive GenTx rather than AUDTx [2]. Whether GenTx users are able to sufficiently 
cope with the AUD or whether the problems remain is unknown. Knowledge regarding 
how GenTx users are doing is lacking but this is essential to determine the magnitude of 
the treatment gap. Third, previous research revealed a substantial delay between AUD 
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onset and AUDTx entrance [4;5;7]. Therefore, a longitudinal perspective with regard to 
treatment use, thus not only past-year treatment but also treatment in the following 
years, is preferable to include delayed treatment seekers as well. Fourth, information on 
the clinical course of NonTx AUD subjects is crucial to better understand the magnitude 
of the treatment gap. Comparing their AUD status at follow-up with that of (different 
types of) treatment users is important but not sufficient: NonTx users might show 
a better AUD course than treatment users but may still be somewhat impaired. An 
additional comparison with people who never had an AUD or other psychopathology 
would therefore advance the interpretation of their functioning.

Data from the second Netherlands Mental Health Survey and Incidence Study 
(NEMESIS-2) were used to study these four aspects. Four-year treatment utilization and 
associated baseline and follow-up characteristics (i.e. demographics, AUD characteristics, 
comorbid psychiatric disorders, functioning) were investigated for three groups: GenTx, 
AUDTx and NonTx. Specific attention was paid to the association between alcohol 
intake and treatment utilization and the follow-up clinical status and functioning of 
NonTx users.

Method

Study design
NEMESIS-2 is a psychiatric epidemiological cohort study of the Dutch general 
population. It is based on a multistage, stratified random sampling of households, with 
one respondent randomly selected in each household [25]. The study was approved 
by a medical ethics committee. After having been informed about the study aims, 
respondents provided written informed consent. 

In the first wave (T0), performed from November 2007 to July 2009, a total of 6,646 
persons aged 18-64 were interviewed (response: 65.1%). This sample was nationally 
representative, although younger subjects were somewhat underrepresented [25]. The 
face-to-face interviews were mainly held at the respondent’s home. All T0 respondents 
were approached for follow-up (T1), three years after T0 from November 2010 to June 
2012. Of this group, a total of 5,303 persons were interviewed again (response: 80.4%, 
with those deceased excluded). Attrition was not significantly associated with any of 
12-month psychiatric disorders at baseline, after controlling for sociodemographics 
[26]. To compile the current study sample, those who met criteria for DSM-5 AUD at 
T0 and participated in the 3-year follow-up assessment (T1) were selected (n = 154). 

Alcohol use disorder 
The Composite International Diagnostic Interview (CIDI) 3.0 was used at both waves 
to identify AUD diagnoses. The CIDI 3.0 is a fully structured, lay administered, 
internationally recognized interview developed by the WHO [27]. Even though the CIDI 
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3.0 was designed and validated for DSM-IV AUDs [27;28], it assesses all DSM-5 AUD 
criteria: 3 of the 4 DSM-IV alcohol abuse criteria (except legal problems), all 7 DSM-IV 
alcohol dependence criteria, and craving [29]. DSM-5 AUD is diagnosed when ≥ 2 out 
of these 11 criteria are present. The DSM-5 cluster criterion (≥ 2 criteria in the same 
12-month period) was not included in our AUD diagnosis [15;30;31]. 

Treatment
The focus was on treatment during the study period. This period was 4 years: 1 year 
before baseline to 3-year follow-up. Treatment was present when respondents reported 
past-year treatment at T0 or treatment between T0 and T1. Three mutually exclusive 
groups were distinguished: GenTx only, AUDTx; and NonTx. 

First, it was examined whether respondents had received general treatment (GenTx) 
including at least one contact made with a professional in the general medical care or 
mental health care system for emotional or alcohol/drugs problems. It was assessed 
with the question: “In the past 12 months (T0)/since the last interview (T1), did you 
visit any of the following professionals or institutions because of emotional or alcohol 
or drugs problems of your own?” [13]. Included were general medical professionals 
(general practitioners, company doctors, social workers, home care or district nurses, 
physiotherapists or haptonomists, medical specialists or other professionals working the 
general medical care sector) and mental health services (psychiatrists, psychologists, 
psychotherapists, part-time or full-time psychiatric treatment). 

Next, it was examined whether respondents reported AUD treatment (AUDTx) in the 
CIDI 3.0 AUD section. That is, as in other research (e.g. [5]), respondents were asked 
whether they received professional treatment or whether they talked to a medical doctor 
or other professional about their alcohol problems in the past 12 months (T0)/since last 
interview (T1). Then, GenTx only was coded absent for those who also reported AUDTx.

Lastly, respondents who reported neither GenTx nor AUDTx during the study period 
were labelled NonTx users. 

Baseline and follow-up characteristics
Demographics were collected at the first wave. All other characteristics were assessed 
at both waves.

Demographics. Gender, age, educational level (primary, basic vocational or lower 
secondary education vs. higher education), partner status, employment, having enough 
income to live on or not. 

Characteristics of AUD and drinking. All characteristics of AUD and drinking were 
assessed with the CIDI 3.0. Following the severity levels defined by DSM-5 [29], the 
number of 12-month AUD criteria were divided in categories: no disorder (0-1 criterion); 
mild AUD (2-3 criteria); and moderate/severe AUD (≥ 4 criteria). 

99



Trea
Tm

en
T seek

in
g

 fo
r a

lc
o

h
o

l u
se d

iso
rd

er
s

6

Self-reported impairment due to AUD in the past 12 months was assessed with the 
Sheehan Disability Scale (SDS) [32]. The scale represents five disability categories (no 
(0); mild (1-3); moderate (4-6); severe (7-9); and very severe (10) disability) with regard 
to four areas of role functioning (home management; work; maintaining relationships; 
and social life). At least moderate impairment was present if a 4 or higher was reported 
in at least one area of role functioning.

Number of weekly drinks in the past 12-months was computed by multiplying 
answers to two questions: “In the past 12 months, how often did you usually have 
at least one drink – every day, nearly every day, 3-4 days a week, 1-2 days a week, 
1-3 days a month, or less than once a month?” and “On the days you drank in the past 
12 months, about how many drinks did you usually have per day?”. Four categories 
were then distinguished: abstinence or very low-risk drinking (≤ 7/14 drinks weekly for 
women/men); low-risk drinking (8-14/15-21 drinks weekly for women/men); medium-
risk drinking (15-28/22-42 drinks weekly for women/men); and high-risk drinking 
(≥ 29/43 drinks weekly for women/men) [18]. Continuous variables regarding the 
number of weekly drinks at both waves were used to calculate the mean difference in 
number of weekly drinks between T0 and T1.

Psychiatric disorders and functioning. Psychiatric disorders were assessed with 
the CIDI 3.0. Included were 12-month emotional disorder consisting of mood disorder 
(major depression, dysthymia, bipolar disorder) and/or anxiety disorder (panic disorder, 
agoraphobia, social phobia, specific phobia, generalized anxiety disorder), and 12-month 
drug use disorder (drug abuse or dependence). 

Functioning was assessed using two general functioning scales (ranging from 
0 (poor) to 100 (good)), based on the eight SF-36 scales [33;34]: physical functioning 
(general health, physical health, physical functioning, and bodily pain; α = 0.78) and 
mental functioning (psychological health, psychological functioning, social functioning, 
and vitality; α = 0.78) [15]. Number of days lost from work or other activities in the past 
four weeks were measured with three questions from the WHO Disability Assessment 
Schedule; ‘days out of role’ [35]. 

Statistical analyses
The three groups (GenTx; AUDTx; NonTx) were compared on baseline and follow-up 
characteristics using multinomial regression analyses. To test for linear trends (p for 
trend), ordinal determinants were modeled as continuous variables. Analyses were 
performed using Stata version 12.1 [36]. The data were weighted to correct for 
differences in the response rates in different population groups at both waves and 
differences in the probability of respondent selection within households [26]. All 
analyses were adjusted for age, gender, and the time between T0 and T1. To account 
for multiple comparisons in this relatively small sample, a p-value < 0.01 was considered 
statistically significant. 
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results

Of the 154 subjects with baseline DSM-5 AUD, 19 (10.3%) received AUDTx during the 
study period, 50 (35.4%) received GenTx, and 85 (54.3%) did not receive any treatment 
(Table 6.1).

Group differences at baseline 
Clinically, NonTx and GenTx users were very similar, but GenTx users were younger and 
more often without a partner (Table 6.1). The AUDTx group was quite different from 
the other two groups, including more often living without a partner, higher baseline 
severity on alcohol characteristics and more psychiatric disorders. More specifically, 
compared to NonTx use, AUDTx use was associated with higher rates of 12-month 
emotional disorder and 12-month drug use disorder, whereas compared to GenTx use, 
AUDTx use was associated with a higher rate of moderate impairment due to AUD and 
of 12-month emotional disorder. 

Group differences at follow-up 
AUD remission rates were similar for the GenTx and the NonTx users (63.9% vs. 77.9%, 
respectively) and much higher than the AUD remission rate for AUDTx users (28.9%) 
(Table 6.2).

Compared to NonTx users, GenTx users more often had a mild AUD at follow-up as 
well as a much higher rate of 12-month emotional disorder.

Compared to NonTx use, AUDTx use was associated with a higher number of 
DSM-5 AUD criteria at follow-up mainly due to the fact that moderate/severe AUD 
was much more frequent in AUDTx users than in NonTx users. In addition, AUDTx use 
was associated with significantly higher rates of 12-month emotional disorder and with 
worse mental and physical functioning. 

Compared to GenTx use, AUDTx use was associated with a higher number of DSM-5 
AUD criteria at follow-up mainly due to the fact that moderate/severe AUD was much 
more frequent in AUDTx users than in GenTx users. In addition, at least moderate 
impairment and high-risk drinking were more frequently present in AUDTx users than 
in GenTx users. No significant differences were observed between the two groups in 
psychiatric comorbidity, but mental functioning was worse in AUDTx. 

How are non-treatment users getting on?
Of the three AUD groups, NonTx users had the most favorable follow-up status, but 
it is unclear whether their follow-up functioning is at a normal level. Therefore, a 
comparison with an extra reference group of non-treatment users without a lifetime 
AUD diagnosis and without lifetime psychiatric disorders at baseline (n = 2,747) was 
made. Logistic regression analyses adjusted for age, gender, and time between T0 
and T1 revealed no significant group differences on any of the considered follow-up 
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characteristics (12-month emotional disorder, 12-month drug use disorder, mental 
and physical functioning, days out of role in the last month). Thus, NonTx users with 
baseline 12-month AUD had similar follow-up functioning as subjects from the general 
population without AUD and without other lifetime psychopathology; suggesting quite 
normal follow-up functioning. 

discussion 

This longitudinal general population study adds considerably to our insight in the 
magnitude and severity of the so-called treatment gap in subjects with an alcohol use 
disorder due to (1) the assessment of a broad range of severity characteristics, including 
alcohol intake; (2) the comparison of NonTx users with both GenTx users and AUDTx 
users; (3) the investigation of a relatively long period of treatment utilization (4 years) 
instead of the usual one year time frame; and (4) the comparison of NonTx AUD subjects 
with a non-AUD control group with respect to their follow-up functioning. 

The study shows that the majority (54%) of the people with AUD in the general 
population receives no treatment at all during a 4-year period and that only a very small 
proportion receives AUDTx (10%). The study confirms earlier results that AUD severity 
is associated with AUDTx utilization, though unexpectedly, the level of alcohol intake 
played a limited role. GenTx users did not portray severe AUD characteristics. This is 
the first study to provide detailed information on how NonTx users are getting on. In 
general, they have a favorable AUD course with a very high AUD remission rate (78%) 
and the lowest severity on other clinical characteristics as compared to the other two 
treatment groups. Moreover, on average, at follow-up NonTx users were functioning 
at a level similar to subjects from the general population without a lifetime diagnosis 
of AUD and of other psychiatric disorders. 

Limitations 
First, the number of subjects with DSM-5 AUD at baseline was limited, resulting in 
limited power of the current analyses, thus precluding the detection of smaller effects 
or the use of multivariable regression models. Moreover, some large odds ratios and 
confidence intervals were observed, probably due to the small number of subjects in 
the AUDTx group. Replication of these findings in multivariable context and with other 
population-based samples is therefore needed. Second, as in other population-based 
studies [4;5], our treatment rates should be interpreted with some caution, because 
treatment refers to at least one contact made with a professional for AUD or for 
mental health or alcohol/drug problems. No detailed information on treatment setting 
or intensity was available and therefore no conclusions regarding treatment efficacy can 
be drawn. Third, in prospective studies, the internal validity of findings may be affected 
by selective attrition [37-39]. However, in NEMESIS-2, attrition was not associated with 
DSM-IV mental disorders after adjusting for sociodemographic characteristics [26] and 

105



Trea
Tm

en
T seek

in
g

 fo
r a

lc
o

h
o

l u
se d

iso
rd

er
s

6

in the present study, treatment status at baseline was not associated with attrition. 
Therefore, sample attrition is unlikely to have affected our findings. Last, alcohol 
consumption and AUD diagnosis were exclusively based on self-report, thus recall 
bias might be an issue. For example regarding alcohol consumption, people may have 
difficulties remembering the amounts and frequencies in an average week. Moreover, 
reports on such behavior may be influenced by social stigma. These issues may have 
resulted in a general underestimation of alcohol consumption in all treatment groups 
[40]. However, it is not clear whether there were group differences in the level of 
underestimation which may have subsequently biased the group comparisons. 

Findings
Generally low treatment rates were observed: less than half of the people with baseline 
AUD received any treatment during the study period, and only one-tenth used AUDTx. 
Notably, GenTx utilization, and to a greater extent AUDTx utilization, were strongly 
associated with living without a partner, consistent with previous research [9;10]. 
Possibly, relatively limited social resources result in a higher treatment need and a 
greater probability to seek treatment. Baseline clinical characteristics of GenTx and 
NonTx users were quite similar, except for the (non-significantly) higher rate of comorbid 
psychiatric disorders in the GenTx group. Specific AUDTx was mainly associated with 
more AUD-related impairments and a higher co-occurrence with emotional and drug 
use disorders compared to the other two groups. Extending observations from previous 
studies [2;11], these findings support that treatment seeking, also during a longer 
period, is mainly associated with the severity of the AUD, AUD related impairments and 
the presence of comorbid psychiatric disorders. This may point to a rather adequate 
process in which AUDTx utilization occurs when AUD reaches a critical level and natural 
remission is hard to achieve [11]. 

Findings regarding the longitudinal outcomes further confirm that a rather adequate 
treatment selection process seems to have taken place and that the observed low 
treatment utilization rate is not necessarily an indication of a large unmet need for 
treatment or a large treatment gap. Of those not receiving any treatment, 78% remitted 
from AUD and the large majority (91%) did not drink at high-risk at follow-up. These 
rates were quite similar for the GenTx users, but they reported a higher rate of mild 
AUD and more psychiatric comorbidity at follow-up than the NonTx users. Thus, even 
though these two groups were rather similar at baseline, mild but persistent problems or 
additional psychiatric disorders may have led GenTx users to seek treatment nonetheless. 
Finally, people who received AUDTx had the worst status at follow-up with regard to 
alcohol use and AUD characteristics as well as with regard to mental functioning. 
These findings indicate that it is probably not cost-effective to offer treatment to all 
those with AUD. The large majority of both NonTx and GenTx users adequately deal 
with the AUD and show considerable amelioration of AUD problems. At follow-up, 
NonTx users even function at a similar level as people who never had an AUD or 
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another psychiatric disorder. Moreover, those receiving AUDTx had the most severe 
and persistent problems. They are likely to perceive the highest need for care, though 
unfortunately, often with less than optimal outcomes [41]. 

Despite the finding that NonTx users generally have a favorable AUD course - with 
similar levels of functioning at follow-up compared to people who never had an AUD - it 
should be noted that an important minority of the NonTx users (22%) had a persistent 
AUD, and 60% of them had moderate or severe AUD at follow-up. It should be examined 
whether this severe subgroup would benefit from extra guidance to treatment. It may 
be that motivation for treatment is especially low in this group and possibly a brief and/
or motivational intervention would be helpful to increase treatment entrance, as well 
as treatment compliance [42]. Barriers to seek treatment for alcohol problems may also 
include stigma associated with addiction treatment and fear of labelling [43]. E-health 
interventions should then be considered as these are often anonymous and therefore 
possibly less stigmatizing than regular treatment. Moreover, a significant subgroup of 
those with an AUD do not use AUDTx but only GenTx. This means that attention for 
alcohol problems in general treatment settings seems to be important. Specifically, 
although the diagnostic remission rate of 64% suggests that most of the GenTx users 
have a favorable AUD course, their alcohol problems should be noted so that timely 
interventions can be offered when the alcohol problems do not ameliorate. 

Predictors of a persistent AUD course among GenTx and NonTx users were not 
examined in the current study, but previous population-based research showed that 
higher alcohol intake is associated with a poor AUD course, both in terms of persistency 
[18;24] and relapse [16;23;30]. As the present findings do not suggest that drinking is 
an important trigger for treatment utilization - no pronounced differences on baseline 
alcohol intake were observed between the three groups – this may point to possibilities 
to further improve treatment access. Possibly, positive attitudes towards drinking [44] 
hinder problem recognition and subsequently prevent that people feel a need for 
treatment, even though drinking levels and associated problems may reach a critical 
threshold. Primary care physicians may then be instrumental in the detection of NonTx 
users at risk of a severe AUD course [45]. That is, even though those individuals do not 
receive treatment for their mental problems, they may access primary care for physical 
disorders such as hypertension or diabetes, attention to alcohol intake is then desirable 
to increase awareness of the potential persistent problem. 

Our follow-up findings also showed few significant differences in alcohol intake, 
with the exception of AUDTx users who were more often drinking at high-risk than 
GenTx users. This is in contrast to findings from the NESARC study, in which higher levels 
of recovery, including both diagnostic remission and abstinence or very low-risk drinking 
levels (< 7/14 drinks weekly for women/men) at follow-up, were observed in AUDTx 
users compared to NonTx users [12]. This incongruity in findings is difficult to explain, 
but may be due to methodological differences. NESARC only focused on 12-month 
treatment at baseline whereas in the present study, treatment could be present during 
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a 4-year period, including the 3 year prospective follow-up. Some of our AUDTx users 

may have just entered treatment at follow-up, thereby limiting the possibilities for a 

positive treatment outcome. Also, cross-national differences in treatment goals could 

play a role: abstinence is the dominant treatment goal in the US whereas in European 

countries, reduced risk drinking is more often considered a viable treatment option [46].

conclusions

Our findings suggest that although the majority of subjects with AUD do not receive 

AUDTx, the problems associated with this so-called treatment gap seem limited as 

most NonTx and GenTx users show a favorable course of the disorder and of associated 

problems. The self-selection process that underlies treatment seeking and treatment 

utilization suggests a rational use of the limited treatment resources. However, some 

points for improvement could be noted. First, an important subgroup of NonTx users 

has a persistent course. It should be examined whether guidance to treatment would be 

beneficial for this group. Moreover, alcohol intake is an important marker for a severe 

AUD course [15;16;18;23;24] but plays a limited role in the decision to use treatment. 

Increased attention to level of intake in primary care may therefore be desirable 

to identify the subgroup of NonTx users at risk of a persistent AUD course. Lastly, 

monitoring of alcohol problems in GenTx settings is needed for the timely detection 

and treatment of persistent problems in this group. 
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key findings

This thesis confirms that most people in the general population with an alcohol use 
disorder have mild and transient problems, but also shows that an important minority 
suffers from severe and/or persistent problems. Importantly, most people with an 
alcohol use disorder in the general population do not drink excessively and this is even 
true for many of those with a large number of symptoms, i.e. those with DSM-IV alcohol 
dependence or with a moderate/severe DSM-5 alcohol use disorder. Nonetheless, 
excessive drinking is essential for the identification of people with a persistent alcohol 
use disorder, as are the number of alcohol use disorder criteria and the presence of 
comorbid psychiatric disorders (e.g. externalizing childhood disorders, adult anxiety 
disorder). Treatment seeking for alcohol use disorders is quite rare, but the mostly 
favorable course and the generally rational self-selection into treatment suggest that 
the public health relevance of this ‘treatment gap’ is limited. 

Methodological considerations

The findings in this thesis are based on data from the second Netherlands Mental 
Health Survey and Incidence Study (NEMESIS-2). This longitudinal study investigates the 
presence and course of mental disorders in a representative sample of the Dutch general 
adult population [1]. Such data is quite unique: worldwide only a handful of similar 
studies were performed in the past three decades [2-8]. This kind of research provides 
important information for prevention programs, the optimization of guidelines, and 
the planning of treatment services. Yet, some important restrictions should be noted. 

First, despite the overall representativeness of general population studies, some 
important subgroups are generally excluded, such as institutionalized or homeless 
individuals. Others are underrepresented, for example due to non-contact or refusal. 
Conceivably, heavy and problematic alcohol use are related to this selection, as it can be 
assumed that marginalized alcohol users are more often institutionalized or homeless, 
non-responders, or lost to follow-up. Thus, even though both response (65%) and 
retention rate (80%) of NEMESIS-2 are quite high, selection bias could be present and 
accordingly, a disproportionate number of people with (severe) alcohol use disorder 
may have been missed. Therefore, the prevalence, severity, persistence and the risk of 
relapse may have been underestimated in this thesis. 

Second, most general population studies, including NEMESIS-2, rely on self-report. 
Generally, alcohol consumption observed in community studies is lower than the per 
capita alcohol consumption [9;10], suggesting underreporting. First, due to social 
stigma, people might be reluctant to report high alcohol consumption levels [11]. Also, 
the usual quantity of alcohol per drinking day tends to be lower than the arithmetic 
mean of a person’s varying consumption pattern, since heavy drinking occasions are 
underrepresented in this measure [12] and no distinction is made between drinking 

115



G
en

er
a

l d
isc

u
ssio

n

7

during weekdays and in the weekend in NEMESIS-2. Nonetheless, alcohol consumption 
in NEMESIS-2 was largely in agreement with the rates observed in other population-
based studies in Western countries [13-15]. However, the prevalence of alcohol use 
disorder, and especially of alcohol dependence, was lower than what has previously 
been observed in general population studies, especially compared to the United States 
[16;17], but also in comparison to the first NEMESIS study [18]. As these previous high 
prevalence rates have been suggested to overestimate the problem, NEMESIS-2 findings 
may in fact represent a more realistic estimate [19]. Yet, methodological and cultural 
differences between the various studies cannot be precluded as sources of bias [20;21] 
and thus, NEMESIS-2 findings could underestimate the problem. Importantly, the low 
prevalence rate of alcohol dependence and thus of alcohol use disorders in NEMESIS-2 
resulted in low statistical power for some of the analyses presented in this thesis. 

Third, the choice for a dichotomous alcohol use disorder diagnosis imposes 
important restrictions. This dichotomy leads to an oversimplification of the gradual 
process associated with onset and course of alcohol use disorders: one symptom more 
or less can make the difference between fulfilling a diagnosis or not and hence, a 
negative outcome or not. This also implies that an unknown proportion of the observed 
transitions may be due to measurement error. Although DSM-5 still applies a single 
cut-off point for the presence or absence of the disorder, a severity indicator has been 
introduced: mild, moderate and severe alcohol use disorder based on the number of 
criteria. The present research was one of the first worldwide to examine the prevalence 
and course of DSM-5 alcohol use disorder in the general population while taking into 
account the role of this graded severity. Yet, it should be noted that the CIDI 3.0 used 
in the present research was designed and validated for the assessment of DSM-IV 
disorders [22], not for DSM-5 disorders. Although the criteria used in DSM-IV and 
DSM-5 are very similar, the reliability of the DSM-5 alcohol use disorder diagnosis based 
on the CIDI 3.0 is unknown and could be lower than for DSM-IV. More specific, the CIDI 
3.0 assesses the DSM-IV clustering criterion (≥ 3 criteria in the same 12-month period 
for alcohol dependence), but not the DSM-5 clustering criterion (≥ 2 criteria in the same 
12-month period). As this clustering criterion could not be part of the DSM-5 alcohol 
use disorder diagnosis, the prevalence, persistence and/or relapse of the disorder may 
have been overestimated.

Lastly, alcohol use disorders are complex maladaptive behaviors and there are many 
different ways to conceptualize the problem [23]. Recently, an overarching framework 
has been proposed (the COM-B model) suggesting that addictive behaviors (e.g. alcohol 
use disorder) are the result of three interacting conditions: Capability (e.g. deficient 
self-regulation), Opportunity (e.g. alcohol availability) and Motivation (e.g. relief from 
discomfort) [23]. This model describes a wide range of concepts that influence alcohol 
use disorders, including, but not limited to, the aspects examined in this thesis such 
as psychopathology (related to both motivation and capability) and socioeconomic 
status (related to opportunity). It should be noted that this integrated model (and other 
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models) contain many more predictors for the onset and course of alcohol use disorders 
than were examined in this thesis.

suMMary and discussion of findings

In chapter 1, the main objective of this thesis was explained: to enhance our 
understanding of the onset, course and treatment of alcohol use disorders in the 
general population. First, chapter 2 examined the role of childhood attention-deficit/
hyperactivity disorder (ADHD) and conduct disorder (CD) in the initiation of drinking and 
the onset of alcohol use disorders in order to improve our understanding of the groups 
in the general population that are more likely to develop alcohol problems. Second, 
the relationship between excessive drinking and alcohol use disorders was determined 
and characteristics associated with the presence of either one or both of these aspects 
of problematic alcohol use were examined (chapter 3). Third, it was investigated how 
many of those with an alcohol use disorder showed spontaneous remission (chapter 4) 
and relapse after initial remission (chapter 5). These chapters also examined predictors 
associated with a negative course. Fourth, chapter 6 explored the magnitude and the 
nature of the ‘treatment gap’ by examining the percentage of people with an alcohol 
use disorder in contact with the treatment system and the main indicators for this 
process of treatment seeking. The main findings are summarized and discussed here.

Onset of drinking and of alcohol use disorders
Chapter 2 demonstrated that nearly all respondents ever consumed alcohol (94%), 
that the vast majority (86%) drank regularly at some point in their life (≥ 12 drinks 
per year), and that about one in five (19%) ever met criteria for a DSM-IV alcohol 
use disorder (abuse or dependence). The respective average ages of onset for these 
conditions were 15, 17 and 19 years. These high rates confirm that (regular) alcohol 
use is rather normative, but that most people seem to be able to control their drinking. 
Only a minority of all drinkers develop an alcohol use disorder, so targets for selective 
prevention are needed to efficiently prevent the development of alcohol use disorders. 
This thesis investigated two potential candidates: childhood ADHD and childhood CD. 

Previous research has shown a strong link between substance use disorders and 
externalizing childhood disorders (ADHD and CD) [24-30]. The presence of such a 
relationship was confirmed in chapter 2, showing that childhood ADHD was associated 
with a higher prevalence of all stages of alcohol use and alcohol use related problems 
(i.e. alcohol initiation, regular alcohol use, and alcohol use disorder). Moreover, it was 
demonstrated that childhood ADHD is strongly related with CD and although CD was 
not associated with the first two stages of alcohol use (alcohol initiation and regular 
alcohol use), it was a strong predictor of alcohol use disorder and an earlier onset of 
the disorder. It should be noted that, after adjustment for age and sex, neither ADHD 
nor CD was associated with an earlier age of onset of (regular) alcohol use. Possibly 
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respondents’ difficulties in remembering ages of onset challenged the detection of 
such an effect. 

To interpret the relationship between ADHD, CD and alcohol use (disorder), two 
conceivable pathways were examined. The first pathway hypothesized that ADHD 
influences the development of CD, which in turn would result in a higher risk of alcohol 
use (disorder). Findings of chapter 2 supported this pathway. When the relationship 
between childhood ADHD and the presence of an alcohol use disorder was adjusted 
for the presence of CD, this relationship was no longer statistically significant. In 
combination with the temporality in average ages of onset of ADHD (7 years), CD 
(12 years) and alcohol use disorder (19 years), these findings suggest the presence 
of an underlying developmental sequence. The second pathway hypothesized that 
children with both ADHD and CD represent a distinct subgroup with an especially 
high risk for alcohol use (disorder) compared to children with ADHD only or CD only. 
Chapter 2 found no evidence for this proposition in an adult sample: a history with 
the combination of childhood ADHD and CD did not result in a particularly high risk of 
alcohol use (disorder) compared to a history with only ADHD or only CD. 

The presence of an alcohol use disorder cannot be fully explained by the proposed 
developmental pathway: alcohol use disorders are more prevalent than CD and ADHD, 
and thus other pathways are operating as well [31]. Moreover, the effect of ADHD may 
not be fully explained by the simultaneous presence of CD [32]. Therefore, the current 
findings indicate that recognition of both ADHD and CD is important. Treatment of 
ADHD should preferably include measures to prevent the development CD and should 
ensure detection and treatment of CD when this occurs. Moreover, treatment of ADHD 
and of CD may help to prevent escalation of alcohol use and the development of alcohol 
use disorders [33-36]. Furthermore, the differential role of CD in the three stages of 
alcohol use (i.e. no role in the first two stages, but an important role in the last stage) 
illustrates that the influence of CD becomes stronger over time and this stresses the 
importance of the study of such processes while including all alcohol use disorders, 
not only those with an early onset as is done when using adolescent samples. The 
differential role of CD may also indicate that CD is associated only with the pathological 
aspects of alcohol use (and not with normative behaviors), possibly due to a phased 
expression of an underlying dimension of externalizing behavior [37;38]. It has been 
suggested that this underlying mechanism might be related to common neurobehavioral 
deficiencies in behavioral inhibition and reward sensitivity in ADHD and alcohol use 
disorders, possibly due to common genetic factors [39;40]. However, the role of CD in 
such a process is not well understood and the current findings suggest that this is an 
important avenue for future research. 

Relationship between excessive drinking and alcohol use disorder

In chapter 3, the relationship between excessive alcohol consumption and the presence 
of an alcohol use disorder was examined. Even though it seems obvious that excessive 
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drinking is needed for an alcohol use disorder diagnosis, limited overlap was observed: 

of those with a DSM-IV alcohol use disorder only 18% reported excessive drinking 

(defined quite strictly as the presence of both high average consumption and frequent 

heavy drinking days). It should, however, be noted that the overlap was substantially 

higher for alcohol dependence (55%) than for alcohol abuse (10%). Overall, the DSM-5 

diagnosis alcohol use disorder showed a larger overlap with excessive drinking (25%) 

than the DSM-IV diagnosis (18%). Yet, the overlap between mild DSM-5 alcohol use 

disorder and excessive drinking was still very small (17%), indicating that only moderate 

(30%) and particularly severe DSM-5 alcohol use disorder (65%) should be interpreted 

as equivalents of DSM-IV alcohol dependence. 

Nonetheless, even though clinical research suggests that a persistent pattern of 

heavy drinking is needed to develop an alcohol use disorder [41], chapter 3 confirmed 

that this might not be the case in the general population: non-heavy drinkers are 

identified as people having an alcohol use disorder diagnosis in the general population. 

This finding could have been a consequence of the strict definition of heavy drinking 

in the current study, but similar results were obtained with more lenient definitions of 

heavy drinking (i.e. high average alcohol consumption or frequent heavy drinking days). 

To better understand the reasons for this limited overlap, a series of post-hoc analyses 

were conducted looking at the historical relationship between excessive drinking and 

the presence of an alcohol use disorder diagnosis. These analyses showed that half of 

those with an alcohol use disorder but without excessive drinking did drink at a high 

level in the past. Conversely, more than one-third of those who drank excessively but 

did not have a 12-month alcohol use disorder had a lifetime history of an alcohol use 

disorder. The limited concurrent overlap could thus partly result from recovery from one 

aspect of problematic alcohol use (e.g. alcohol use disorder) whilst the other aspect 

continued to exist (e.g. excessive drinking). 

In addition, we examined the differences between the subgroups of problematic 

alcohol users (excessive drinking only; alcohol use disorder only; both excessive drinking 

and alcohol use disorder) and non-problematic alcohol users. As compared to non-

problematic drinkers, subjects of all three subgroups of problematic alcohol users on 

average also experienced more problems in domains of living other than drinking: more 

current mental disorders (mood, anxiety and drug use disorders), more childhood mental 

disorders (ADHD) and diminished mental functioning. All these subgroups thus seem 

clinically relevant and the magnitude of problematic alcohol use may therefore be bigger 

than assumed when only one aspect, either alcohol use disorder or excessive alcohol 

consumption, is considered. Nonetheless, the group with both aspects of problematic 

alcohol use was most affected and they had the highest rate of anxiety disorder, suicidal 

thoughts, and antisocial personality disorder. Notably, chapter 3 also observed that low 

educational level, low income, and living without a partner occurred most frequently 

in this group. Together with similar observations in previous prospective research on 
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excessive drinking [42], this suggests that these sociodemographics may help to identify 
people at risk of severe problematic alcohol use.

The data of chapter 3 are also relevant for the current discussion about the role of 
alcohol consumption in the definition of problematic alcohol use. DSM-5 has invoked 
discussions about the inclusion of a consumption criterion, including both mean daily 
alcohol consumption and the number of heavy drinking days [43;44]. Although this 
notion has been rejected, partly because of the lack of a cross-nationally accepted 
threshold for heavy alcohol use [45], it was recently proposed to identify problematic 
alcohol use solely based on the level of alcohol use [46]. A diagnosis based on a 
(complex) set of criteria was considered redundant mainly because heavy drinking would 
be a prerequisite for a diagnosis [46;47]. Although our data confirm that excessive 
drinking is important in the determination of severe problematic alcohol use, our data 
also show that the alcohol use disorder diagnosis is not redundant: there are people 
with an alcohol disorder without excessive drinking and these people would then 
be missed. It has been argued that these individuals are not much of public health 
concern as their drinking is within acceptable boundaries [46]. Yet, as described above, 
many of them have been drinking excessively in the past and current alcohol-related 
problems could indicate a continued struggle with maintaining a healthy drinking 
pattern. Also, the lack of excessive drinking in this group could reflect the individuals’ 
difficulty in estimating their alcohol consumption levels [12], whereas the problems 
related to alcohol use might be easier to recognize and report. Research on these 
individuals with an alcohol use disorder but without excessive drinking is needed to 
better understand the nature of their problems. Furthermore, it is important to note 
that although excessive drinking in itself was associated with various other problems, 
these problems were worse for those who additionally had an alcohol use disorder. A 
study among the elderly showed a similar pattern [48] suggesting that the presence 
of alcohol-related problems is an indication of the urgency of the problematic alcohol 
use. Moreover, people who only consume excessively may need different motivational 
techniques to decrease their drinking pattern than people who perceive problems with 
alcohol use [49]. Altogether, the results of this thesis indicate that both aspects should 
be considered in clinical work (screening and monitoring) and in research, in order to 
establish optimal treatment. 

Course of alcohol use disorders
To unravel why some individuals go into stable remission from alcohol problems while 
others do not, the course of alcohol use disorders in the adult general population was 
examined. Both 3-year persistence of alcohol use disorder (chapter 4) and relapse into 
another episode of alcohol use disorder among those in diagnostic remission (chapter 
5) were studied. It was explicitly assessed whether individuals in diagnostic remission 
achieved abstinence or a (very) low level of drinking, and whether higher levels of 
drinking during remission were associated with an increased risk of relapse. 
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Persistence

In chapter 4, it was confirmed that DSM-5 alcohol use disorders in the general 
population generally show a favorable course: 70% showed diagnostic remission during 
a 3-year period. This is quite similar to findings of the first NEMESIS study regarding 
3-year remission rates of DSM-IV alcohol dependence (74%), but lower than DSM-IV 
alcohol abuse (85%). It should be noted that the DSM-IV dependence diagnosis cannot 
be directly ‘translated’ to DSM-5 alcohol use disorders, thus similar remission rates do 
not equate to similar disorder severity. In fact, DSM-IV alcohol dependence likely implies 
greater severity, given its higher symptom threshold (3 out of 7 criteria) compared 
with DSM-5 alcohol use disorder (2 out of 11 criteria). For example, people meeting 
(several criteria of) DSM-IV alcohol abuse, possibly combined with one or two DSM-IV 
dependence criteria, would be in diagnostic remission of DSM-IV alcohol dependence, 
but  persistent according to the DSM-5 diagnosis alcohol use disorder. Moreover, 
although the high remission rates of DSM-5 alcohol use disorder seem encouraging, 
they should be interpreted with some caution. While diagnostic remission of DSM-5 
alcohol use disorder was associated with a decrease in drinking levels, abstinence was 
rarely achieved and more than one-third of the individuals in diagnostic remission still 
drank considerably (more than 7/14 drinks weekly for women/men). This puts them at 
risk of physical and mental harm related to excessive alcohol consumption [50-53] as 
well as relapse (chapter 5). 

Nonetheless, within three years, spontaneous remission was frequently achieved 
and this suggests that it may not be necessary to offer expensive treatment to everyone 
with an alcohol use disorder in the general population: watchful waiting and/or brief 
interventions may be sufficient for most, whereas for some, more intensive treatment 
is needed. To identify those people at risk for a persistent course and more intensive 
treatment, a large number of predictors of persistence was studied in chapter 4, 
including many clinical and sociodemographic characteristics. Altogether, these 
predictors explained 25% of the variance in the persistence of alcohol use disorder. 
Other factors, not included in this study, thus also play a role in persistence of alcohol 
use disorders. This should be kept in mind when interpreting the results. Clinical 
characteristics related to the severity of problematic alcohol use predicted persistence: 
more alcohol use disorder criteria, disability due to alcohol use disorder and a 
larger number of weekly drinks. This is consistent with findings from the National 
Epidemiologic Survey on Alcohol and Related Conditions (NESARC), the only other 
longitudinal population-based study on predictors of persistence of alcohol use disorder 
(i.e. DSM-IV alcohol dependence) [54] and from a Dutch study on the 2-year persistence 
of alcohol dependence in a sample of mainly anxious or depressed individuals [55]. 
Robustness of findings is thus suggested. Importantly, chapter 4 also showed that the 
number of weekly drinks predicted persistence independent of the number of alcohol 
use disorder criteria. This underscores that alcohol consumption may really help to 
identify patients with a persistent or even chronic alcohol use disorder. 
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Further determination of who is at risk of a persistent course of alcohol use disorder 
was difficult. Socioeconomic status (low educational level, unemployment, low income), 
smoking and vulnerability factors (e.g. childhood abuse) were not associated with 
a chronic course of an alcohol use disorder when other indicators were taken into 
account. However, changes in some of these factors (e.g. employment status, income 
and partner status) might be important in the prediction of persistence. For example, 
a recent study – also using data from NEMESIS-2 – observed that the economic crisis in 
the Netherlands was associated with an increase in the incidence of mental disorders 
[56]. It may very well be that such changes (at the population or the individual level) also 
play an important role in the persistence of an alcohol use disorder. Of the comorbid 
psychiatric disorders (mood, anxiety, drug use disorders) considered in chapter 4, 
only anxiety disorder emerged as an independent indicator of a persistent course. 
Clinical studies suggest that anxious people continue to use alcohol to alleviate their 
anxiety [57;58]; current findings provide first evidence that this might also be true in the 
general population. The role of the specific anxiety disorders in the course of alcohol 
use disorder in the general population is however still unknown and this should be 
addressed in future research. 

Relapse

Chapter 5 showed that relapse after remission from an alcohol use disorder was 
rare in the general population. Only one in ten individuals in remission from a DSM-5 
alcohol use disorder relapsed into a new episode within the course of three years. This 
corroborates previously observed DSM-IV relapse rates [51;55;59] and findings that 
alcohol use disorders are usually not chronic in the general population [60]. It was 
subsequently examined whether predictors of persistence (i.e. number of criteria of 
alcohol use disorder and level of alcohol consumption) were also predictors of relapse. 
Chapter 5 indeed showed that more alcohol use disorder criteria (≥ 6 criteria) and a 
higher level of alcohol intake (more than 14/21 drinks weekly for women/men) were 
independently associated with a higher risk of relapse. Another new finding of chapter 5 
was that risky drinking (more than 7/14 drinks weekly for women/men) during remission 
strongly increased the risk of relapse, especially among people with a lifetime history 
of a severe alcohol use disorder and among people with higher past levels of alcohol 
consumption. Thus, even if people no longer experience problems with their alcohol 
use, continued risky drinking could indicate that they did not completely recover and 
accordingly, that they had an increased risk of relapse. On the other hand, abstinence 
at follow-up was rare but sustained remission was not. Therefore, psychologically of 
pharmacologically supported reduced drinking might be an option for recovery [61]. 

Chapter 5 also determined the predictive value of individual diagnostic criteria 
on relapse of alcohol use disorder. This is an under-researched issue even though 
previous community studies showed that specific symptoms differentially contribute to 
the incidence and persistence of substance use disorders [62-64]. Only lack of control 
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emerged as an important independent predictor of relapse. The importance of this 
symptom is not surprising as already in the early definitions of alcohol use disorder, 
lack of control was portrayed as a key element of maladaptive alcohol use [65;66]. 
Lack of control could be due to a deficiency in cognitive control (e.g. impulsivity) and/
or the presence of increased drive/reward sensitivity [67]. Notably, both impulsivity and 
reward sensitivity also play a role in ADHD [39;67] and chapter 2 showed that ADHD 
was significantly associated with alcohol use disorder via conduct disorder. The exact 
role of these neurobiological deficiencies in both onset and course of the disorders may 
thus be an important avenue for future research. 

Treatment seeking for alcohol use disorders
Treatment seeking for an alcohol use disorder is quite rare in the general population. 
Only one in ten individuals with an alcohol use disorder established contact with a 
professional for alcohol-related problems within a 4-year period (chapter 6). Another 
third made contact with the health care system for other mental health problems. More 
than half of the people with an alcohol use disorder did not receive any professional 
treatment during a period of four years. These and similar findings (e.g. [68;69]) 
may be interpreted as an indication for the existence of a large treatment gap; an 
undesirable situation that needs to be resolved. However, given the mostly mild nature 
and benign course of alcohol use disorders in the general population (low persistence 
rate; chapter 4 and low relapse rate; chapter 5), the clinical and societal relevance of 
such a ‘treatment gap’ can be questioned. 

Findings in chapter 6 indicate that treatment seeking for an alcohol use disorder 
is largely adequate, with those seeking such treatment meeting more alcohol use 
disorder criteria, having higher levels of impairment and having more comorbid mood 
or anxiety disorders than those not seeking alcohol treatment. This corresponds with 
previous research in the US [70;71] and this seems reassuring: the limited capacity of 
services is mostly used by individuals with the most severe clinical characteristics and 
the highest risk of persistence and not by less severe cases with a generally favorable 
natural course. A new finding was that those receiving treatment for other mental 
health problems more often had a comorbid emotional disorder than non-treatment 
users, suggestive of adequate treatment seeking. Importantly, low educational level or 
unemployment, were not associated with lower rates of treatment utilization. Strikingly, 
while this thesis consistently showed that the level of alcohol consumption plays a key 
role in predicting severity and course of alcohol use disorders, it only played a limited 
role in the decision to seek treatment. 

Previous population-based research failed to examine the course of alcohol use 
disorders in people who decided not to seek treatment. However, such information is 
crucial to establish the clinical relevance of the treatment gap. Specifically, chapter 6 
showed high spontaneous remission rates for both non-treatment users (78%) and 
people using treatment for other mental health problems (64%). This is much higher 
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than the remission rate in the group using treatment services for their alcohol problems 
(29%), suggesting that many persistent cases adequately seek treatment from addiction 
treatment services. Moreover, especially in the group receiving treatment for other 
mental health problems, very few persistent cases had a moderate or severe alcohol 
use disorder at follow-up (10% as compared to 60% of the persistent cases without 
any treatment and 80% of the persistent cases with specialized alcohol treatment), 
indicating that the need for (additional) alcohol treatment is indeed very small in this 
group. Chapter 6 further observed that long-term functioning of non-treatment users 
with an alcohol use disorder at baseline was similar to that of the healthy reference 
group (people from the general population who never had an alcohol use disorder or 
another mental disorder). This suggests that non-treatment users largely function at a 
normal level and their unmet need for treatment is likely limited to the individuals with 
a persistent disorder. It is uncertain whether this latter subgroup did actually perceive a 
need for treatment but did not access it due to perceived barriers or lack of motivation, 
or that there was no perceived need for treatment. This was not the subject of this 
thesis but such knowledge is important to develop better guidance to treatment for 
these individuals. 

clinical iMplications

The findings in this thesis are not only of scientific interest, they are also of practical 
importance. Particularly, this thesis illustrates how common drinking alcohol is: the 
vast majority of the Dutch adults drinks and most people seem able to control their 
drinking. However, a minority of one in five adults develops an alcohol use disorder. 
It therefore seems efficient to tailor selective prevention to those individuals at risk of 
developing such a disorder. Most individuals with an alcohol use disorder experience 
mild and transient problems, but some suffer from severe and persistent problems. 
This indicates the importance of tailoring treatment intensity. In short, the findings 
of this thesis underscore that selective prevention is desirable, as well as treatment 
tailored to those individuals at risk of severe alcohol problems. Some suggestions 
are made here. 

Selective prevention and treatment in youngsters
This thesis confirms that alcohol consumption as well as alcohol use disorder generally 
start at an early age. In combination with the observation that ‘only’ one in five alcohol 
users subsequently develop an alcohol use disorder, prevention methods tailored to 
youngsters at high risk for escalated alcohol use are highly recommended. Specifically, 
the observed developmental sequence from ADHD to alcohol use disorder via CD 
suggests that effective treatment of youngsters with these externalizing childhood 
disorders [33;34;72] may help to prevent the development of an alcohol use disorder. 
This treatment of ADHD and CD should also pay attention to the initiation of drinking 
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and development of alcohol-related problems [35;36;73]. Regarding CD, effective 
treatment can indeed prevent development of early onset substance use [35]. The 
effects of early ADHD treatment are, however, less clear. Although a recent meta-
analysis suggested that stimulant treatment of children with ADHD has no influence on 
the risk of developing an adolescent or adult alcohol use disorder [73], a recent Dutch 
study showed that early stimulant treatment of children with ADHD prevented the 
development of a substance use disorder until at least age 17, even in those with severe 
ADHD or with comorbid CD [36]. In addition to medication, awareness of substance use 
in treatment of ADHD and CD may help to prevent subsequent alcohol use disorders 
and this thesis underscores the need for such a focus. 

These findings also suggest that universal prevention programs directed at all school 
children need to be complemented with selective intervention programs directed at the 
relatively small group of children with an increased risk, including amongst others [31] 
children with ADHD/CD. As universal prevention programs with a parental component 
can reduce (heavy) weekly drinking in youngsters [74], such programs could serve as 
a first step to address underage drinking and accordingly reduce associated individual 
and societal costs. However, there is no proof that these universal prevention programs 
also prevent the development of alcohol use disorder and selective prevention therefore 
seems essential [75]. In fact, a selective alcohol intervention program that identifies 
adolescent risk groups (aged 13-15) who subsequently receive two 90 minute group 
sessions adapted to their personality profile (including profiles on sensation seeking 
and impulsivity) is currently being tested [76]. If this intervention proves to be effective, 
it may help to detect children with externalizing problems and address their drinking 
habits. Further, it could be used to identify those with serious externalizing problems 
and refer them for medication or behavioral therapy. 

Prevention and treatment priorities among adults
This thesis consistently highlights the importance of both alcohol-related problems and 
excessive drinking to detect severe and/or chronic alcohol use disorder indicating that 
both aspects could serve as easily quantifiable risk markers for escalating problems. 
This is important, because the development of an alcohol use disorder is a gradual 
process with several intermediate stages. Findings of this thesis thereby extend previous 
suggestions to use staging and profiling for treatment allocation. Not only alcohol-
related problems [77-79], but also excessive drinking, should be targeted by different 
treatment strategies ranging in intensity. It was beyond the scope of this thesis to 
specifically address best practices for different stages. Yet, moderate drinking levels 
and/or mild alcohol-related problems can effectively be targeted with low-intensity 
interventions in primary care such as effective e-health interventions [80] or brief 
motivational interventions [81], whereas for severe excessive drinking and/or moderate 
or severe alcohol use disorders additional pharmacotherapy or referral to specialized 
care may be indicated. Further research is needed to verify which cut-off points of 
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each dimension, alcohol-related problems and excessive drinking, offer the best match 
between patients and interventions (see Future studies). 

Although chapter 6 showed that the treatment seeking and selection process was 
generally adequate, some individuals with persistent alcohol problems did not establish 
contact with any professional about their alcohol problems or other mental health 
problems in a four-year period. These chronically ill individuals can be identified by the 
general practitioner (GP) or the primary care mental health nurse practitioner (so called 
MHNP or POH-GGZ) when the person is making a primary care visit for alcohol-related 
physical problems, e.g. hypertension [44]. Screening in the form of a short check-up 
of their alcohol use (e.g. AUDIT-C or Five shot) is an efficient way to signal alcohol 
problems [82]. Yet, these are currently not supported in guidelines for GPs, which only 
recommend assessment of drinking levels with no particular validated questions [83]. 
This thesis strongly advocates that screening directed at the level of alcohol consumption 
is complemented with a few questions about alcohol-related problems. GPs are often 
aware of the benefits of screening, but it is not always applied in a consistent manner 
[84]. Additional training of GPs during medical school on benefits of screening of 
alcohol problems has proven to increase the use of screening in the long-term [84], 
implementation of such extra training may be worthwhile for experienced GPs as well. 

Importantly, this thesis points to various actions by the primary care MHNP once 
alcohol problems have been signaled. First, mostly mild alcohol use disorders were 
observed in the general population and these can be treated with low-intensity 
interventions. The MHNP could deliver brief motivational interventions addressing the 
level of alcohol use and mapping the pros and cons of drinking in a non-judgmental 
manner [85]. Second, the MHNP could promote e-health interventions addressing 
alcohol problems when individuals fear labeling or stigma. Alcoholism is a severely 
stigmatized mental disorder [86] and this could be a reason to reject face-to-face 
treatment. Many e-health interventions are both effective [80;87] and cost-effective 
[88], and are therefore valuable alternatives in such circumstances. Third, the findings 
of this thesis strongly suggest that interventions should be directed at abstinence 
or very low drinking levels, especially for those individuals with more severe clinical 
characteristics. Such a level may be achieved by brief interventions or cognitive behavior 
therapy, but some individuals prefer or need pharmacotherapy to reach this goal [89-92]. 
It would thus appear beneficial when the GP (assisted by the MHNP) can timely initiate 
pharmacological treatment. Fourth, as said, this thesis observed that persistent and 
relapsing alcohol problems are especially likely in individuals with many criteria of an 
alcohol use disorder and/or a high level of alcohol intake. Such individuals may be in 
need of intensive treatment that cannot be provided in primary care. The GP and the 
MHNP should be able to timely identify such individuals and refer them to specialized 
treatment [85]. Notably, these recommended actions are largely in accordance with 
recent transitions in the Dutch mental health care system, in which primary care is 
appointed a key role in the detection and treatment of mild mental health problems. 
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Monitoring of this transition seems advisable to ensure that it results in optimal care 
for people suffering from problematic alcohol use. 

future research 

Findings of this thesis are among the first to examine prevalence and course of DSM-5 
alcohol use disorder. This thesis showed that the presence of more DSM-5 criteria of 
alcohol use disorder was associated with a chronic course of the disorder. Still, DSM-5 
has only recently been released and there remains much to be learned about the newly 
defined alcohol use disorder. First, more research is needed for a better understanding 
of the course of the disorder for each of the distinguished severity levels of the DSM-5 
(mild, moderate, severe) as well as the transition from one severity level to the next. 
Inclusion of detailed data on when specific criteria are present or not may help future 
studies to understand such fluctuations in the course of the disorder. Second, this 
thesis showed that, while examining a broad range of static baseline characteristics, 
prediction of persistence and relapse is very challenging with only a small proportion of 
variance explained by the combination of baseline predictors. A similarly small predictive 
value was observed for the persistence of DSM-IV alcohol dependence [54]. As a 
consequence, it is difficult to develop and implement tailored treatments. However, 
qualitative research suggests that dynamic predictors (e.g. life events or changes in 
social relationships) are associated with a persistent course of cannabis dependence [93]. 
Examination of the direct relation between such dynamic, time-dependent factors and 
changes in severity of alcohol use disorder over time may thus be worthwhile. Third, 
DSM-5 alcohol use disorder is diagnosed when at least 2 of 11 criteria are present and 
the disorder can thus be heterogeneous. Our findings indicate that the presence of 
certain criteria can be important in the prediction of relapse. Similarly, a recent study 
suggested that a mixture of the number and type of criteria could be valuable to define 
the severity of the disorder [94]. Such combinations may also be used in the definition 
of adequate cut-off points for a stepped care approach. 

This thesis showed that the level of excessive drinking plays a major role in the 
course of an alcohol use disorder. Thus, assessment of problematic alcohol use can be 
improved by inclusion of both alcohol use disorders and excessive drinking instead of 
only taking one aspect into account. Moreover, public health studies show that the level 
of drinking is exponentially associated with morbidity [95] and mortality [96]. Yet, the 
natural course of drinking patterns in the general population is largely unknown and 
needs to be studied more comprehensively. Although repeated measures of alcohol 
consumption in longitudinal population-based research are extremely valuable, inclusion 
of more advanced assessment techniques is needed to obtain detailed and ecological 
valid information. Specifically, momentary assessment could help to establish accurate 
information on drinking patterns and this can easily be applied via smart phones [12;97]. 
It may be efficient to apply such in-depth measures to a random subsample of a general 
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population study, with oversampling of individuals with alcohol use disorder symptoms. 
Alcohol consumption could then be monitored asking a few questions daily for a specific 
time period (e.g. one month) and could subsequently be linked to observed (alcohol-
related) problems to further improve our understanding of this relationship. 

Lastly, findings of this thesis suggest that developing and promoting a stepped care 
approach based on the underlying graded severity of problematic alcohol use should be 
guided by both the level of alcohol consumption and the number of alcohol use disorder 
criteria. Further research is however recommended to examine which interventions 
should be connected to each of these aspects of problematic alcohol use. Such studies 
should also focus on the identification of cut-off points as this is needed for a structured 
allocation of treatment. Of course, more factors play a role in the development and course 
of alcohol use disorders than excessive drinking and alcohol-related problems. This thesis 
also showed that symptom type, levels of impairment, and comorbid pathology (e.g. 
anxiety) play an important role in the course of the disorder. It should be noted that there 
are many other influences known to play a role in the development and course of alcohol 
use disorders, as is portrayed in a recent overarching framework presented by West [23]. 
This framework integrates the different theories that try to explain addictive behaviors, 
including theories covering automatic processes, neurobiological mechanisms, social 
network aspects and economic approaches. It is important to note that some of these 
other influences are also important for prevention, treatment seeking and treatment 
provision, e.g. social network aspects [98] and perceived stigma [99]. These aspects 
should thus also be taken into account when developing a stepped care approach for the 
treatment of alcohol use disorders (similar to the way this was done for depression [100]). 

in conclusion

Alcohol use disorders among adults in the general population occur frequently (19%), 
but the disorder is often mild: 

•	 75-80% do not drink excessively 
•	 70% remits spontaneously within three years 
•	 12% of those in remission relapse in the course of three years

Only 10% of the people with an alcohol use disorder establish contact with a 
professional for these problems, but the treatment seeking seems to be quite adequate 
with those most in need of help having the highest contact rate. As only one in five 
adults develop an alcohol use disorder, it seems efficient to tailor selective prevention 
to those individuals at risk of developing such a disorder, and not to those who are 
able to control their drinking. As childhood externalizing disorders proved to be strong 
predictors of later alcohol problems, the need for early recognition and treatment of 
individuals with childhood ADHD or CD is highlighted. Moreover, the mild nature and 
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benign course of most alcohol use disorders suggests that it is efficient to allocate 
treatment resources to those at risk of a severe and/or chronic alcohol use disorder: 
those with a high drinking level, a high number of alcohol use disorder criteria, and 
comorbid psychopathology, specifically anxiety disorders. As the treatment gap (i.e. 
people with an alcohol use disorder not receiving treatment) appeared less problematic 
than often assumed, efforts to increase treatment access should primarily focus on the 
individuals at highest risk of a severe chronic course. 
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Background

Although drinking alcohol is common and regarded to be normal behavior in Western 
society, some people drink excessively and develop drinking problems. When these 
problems severely disrupt people’s life, an alcohol use disorder is considered present 
and this disorder is associated with substantial disease burden and mortality. Therefore, 
prevention and treatment of alcohol use disorders should be a public health priority. 
In order to plan prevention and treatment, information is needed about alcohol use 
disorders, their course and their risk indicators in the general population. However, 
current knowledge on these disorders is largely restricted to findings from clinical 
samples, whereas most people with an alcohol use disorder do not enter treatment. The 
reasons for not seeking treatment are largely unknown, but it seems likely that people 
who do not seek treatment drink less or experience only mild problems. Therefore, 
findings from clinical samples cannot be extrapolated to the general population and 
important questions that need to be addressed in the general population include: 

•	 Which people are at risk of developing an alcohol use disorder?
•	 To which degree are alcohol use disorders related to the level of alcohol consumption?
•	 What determines whether individuals with an alcohol use disorder reach (stable) 

remission while others do not?
•	 Is treatment seeking related to the level of drinking or the severity of the alcohol 

use disorder? 

In this thesis, these questions were studied using data from the second Netherlands 
Mental Health Survey and Incidence Study (NEMESIS-2), including 6,646 Dutch adults 
(aged 18-64) at baseline and 5,303 at 3-year follow-up. NEMESIS-2 is an ongoing 
psychiatric epidemiological cohort study recording detailed information on prevalence, 
incidence, course and consequences of mental disorders, including alcohol use disorders, 
in a representative sample of the Dutch adult population. 

Onset of drinking and of alcohol use disorders

Chapter 2 showed that almost all study participants ever consumed alcohol (94%), 
that the vast majority of the participants (86%) ever drank regularly (≥ 12 drinks per 
year), and that about one in five (19%) ever met criteria for an alcohol use disorder. 
Next, chapter 2 examined two potential risk factors for the development of alcohol 
use and alcohol use disorders in the general population: childhood attention-deficit/
hyperactivity disorder (ADHD) and childhood conduct disorder. Adults who had ADHD 
when they were young more often started to drink alcohol and to drink regular and 
they had a bigger risk to develop an alcohol use disorder. Childhood conduct disorder 
did not predict the onset of (regular) alcohol use, but it was a strong predictor of the 
development of an alcohol use disorder. Further analyses showed that ADHD and 
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conduct disorder were strongly related and when the relationship between childhood 
ADHD and the presence of an alcohol use disorder was adjusted for the presence of 
conduct disorder, this relationship was no longer significant. In combination with the 
mean ages of onset of ADHD, conduct disorder, and alcohol use disorders (7, 12 and 
19 years old, respectively), these findings support the hypothesis of an underlying 
developmental sequence: ADHD increases the risk of conduct disorder and conduct 
disorder in turn increases the risk of an alcohol use disorder. Early interventions among 
children with ADHD may prevent progress from ADHD into conduct disorder and 
subsequent alcohol use disorder. Attention to the initiation of drinking and development 
of alcohol-related problems in treatment of children with ADHD or conduct disorder 

might further prevent escalation of alcohol use.

Relationship between excessive drinking and alcohol use disorder
While one may expect that excessive drinking is needed for the development of an 
alcohol use disorder, only very limited overlap was observed in chapter 3: of those 
with an alcohol use disorder only 18% reported excessive drinking. Excessive drinking 
was defined quite strictly (requiring both high average consumption and frequent 
heavy drinking days), but the limited overlap was still observed when the definition of 
excessive drinking was eased. To understand this limited overlap between excessive 
alcohol consumption and alcohol use disorder, the differences between subgroups 
of problematic alcohol users (excessive drinking only; alcohol use disorder only; both 
excessive drinking and alcohol use disorder) and non-problematic alcohol users were 
mapped. As compared to non-problematic drinkers, subjects of the other three groups 
experienced more problems in domains of living other than drinking: higher rates of 
12-month mental disorders (mood, anxiety and drug use disorders), higher rates of 
ADHD and diminished functioning. All three groups had clinically relevant problems. 
However, the group with both excessive drinking and alcohol use disorder had the 
highest rate of anxiety disorder, suicidal thoughts, and antisocial personality disorder. 
Furthermore, chapter 3 showed that low educational level, low income, and living 
without a partner occurred most frequently in the individuals with both aspects of 
problematic alcohol use. Together with similar observations in previous prospective 
research on excessive drinking, this suggests that these sociodemographics may help 
to identify people at risk of severe problematic alcohol use. All in all, the results of 
chapter 3 indicate that both excessive drinking and alcohol use disorder should be 

considered in research as well as in screening and monitoring in clinical practice. 

Course of alcohol use disorders
Chapter 4 demonstrated that alcohol use disorders in the general population generally 
showed a favorable course: 70% achieved diagnostic remission during a 3-year period. 
This high remission rate should, however, be interpreted with caution: more than 
one-third of those in diagnostic remission still drank considerable (more than 7 drinks 
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per week for women or more than 14 drinks per week for men). Clinical characteristics 
were most important in the detection of individuals with a persistent alcohol use 
disorder (e.g. a larger number of alcohol use disorder criteria, alcohol-related disability 
and higher number of weekly drinks). Sociodemographics, comorbid mood and drug 
use disorder, smoking and vulnerability indicators (e.g. parental psychopathology and 
childhood maltreatment) were not associated with a persistent course. However, the 
presence of a co-morbid anxiety disorder did add to the prediction of persistence. 
Together, the observed predictors explained only 25% of the variance in the persistence 
of alcohol use disorder, so other factors must play a role as well. 

Chapter 5 showed that in the general population relapse after remission from an 
alcohol use disorder was rare. In the course of three years, only 12% of the people in 
diagnostic remission from an alcohol use disorder relapsed into a new episode. Similar 
to persistence, the number of alcohol use disorder criteria (≥ 6 criteria) and a higher 
level of alcohol intake (ever more than 14/21 drinks per week for women/men) were 
independently associated with a higher risk of relapse. Furthermore, risky drinking 
during remission (more than 7/14 drinks per week for women/men) strongly increased 
the risk of relapse, particularly among people with a lifetime history of a severe alcohol 
use disorder and among people with higher past levels of alcohol consumption. This 
suggests that drinking habits during remission should be an important target for 
treatment and relapse prevention. Particularly, people who have a history of severe 
alcohol problems may benefit from abstinence or (very) low drinking levels. Controlled 
drinking at higher levels may only be possible for those without a history of severe 
alcohol problems or in combination with pharmacotherapy. 

Treatment seeking for alcohol use disorders
Chapter 6 showed that during a 4-year period, only one in ten individuals with an 
alcohol use disorder made contact with a professional for alcohol-related problems. 
Another third made contact with the health care system for other mental health 
problems, whereas more than half of the people with an alcohol use disorder did 
not receive any professional treatment during a period of four years, indicating the 
presence of a serious ‘treatment gap’. Those seeking alcohol treatment met more 
alcohol use disorder criteria, had higher levels of impairment and more comorbid mood 
or anxiety disorders than those not seeking alcohol treatment. This suggests that the 
choice whether or not to seek alcohol treatment is largely adequate. Those receiving 
treatment for other mental health problems had more comorbid emotional disorders 
than non-treatment users, which also points to adequate treatment seeking. Moreover, 
both non-treatment users and people using treatment for other mental health problems 
showed high spontaneous remission rates of their alcohol use disorder, 78% and 64% 
respectively. This is much higher than the remission rate in the group using addiction 
treatment services for their alcohol problems (29%), indicating that mainly those with 
a persistent alcohol use disorder contacted the alcohol treatment services. Lastly, the 
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follow-up functioning of non-treatment users with an alcohol use disorder at baseline 
was similar to that of a healthy reference group (subjects from the general population 
who never had an alcohol use disorder or another mental disorder). Non-treatment users 
thus seem to function largely at a normal level and their unmet need for treatment is 
likely limited to the small group with a persistent disorder (i.e. 22% of the non-treatment 
users). In summary, the ‘treatment gap’ seems less problematic than often assumed. 
Those who appear to have a high treatment need mostly find their way into treatment 
and those who do not seek treatment generally have mild problems with a favorable 
course. This suggests that the limited treatment resources are used quite rationally. 

discussion

The vast majority of the Dutch adults ever started drinking alcohol and one in five 
develop an alcohol use disorder. Importantly, adults who have had an externalizing 
childhood disorder more often developed an alcohol use disorder: a pathway was 
observed from childhood ADHD to alcohol use disorder via childhood conduct disorder. 
Although other risk indicators will play a role as well, this pathway stresses the need 
for recognition and early treatment of externalizing childhood disorders to prevent 
development of alcohol use disorders. 

Notably, most people with an alcohol use disorder in the general population 
have mild and transient problems: 75-80% do not drink excessively, 70% remits 
spontaneously within three years and only 12% of those in remission show a relapse. 
It thus seems efficient to allocate treatment resources to those at risk of a severe and/or 
chronic alcohol use disorder: those with a high drinking level, a high number of alcohol 
use disorder criteria, and comorbid psychopathology, specifically anxiety disorders. 

Despite the fact that only 10% of the individuals with an alcohol use disorder 
contacted a professional for alcohol problems, the ‘treatment gap’ may be less 
problematic than often assumed. That is, those seeking specialized alcohol treatment 
had the highest persistence rate, whereas those not seeking treatment usually show a 
favorable course of the disorder and of associated problems. This suggests that efforts 
to increase treatment access should primarily focus on the small group of non-treatment 
seekers at high risk of a chronic course; thus particularly those with high levels of 
drinking and severe alcohol-related problems. 

The abovementioned findings have a number of implications for clinical practice 
and future research. First, the general practitioner and the primary care mental health 
nurse practitioner (so called POH-GGZ) are key in the recognition and management of 
alcohol use disorders. Screening for both high levels of drinking and alcohol-related 
problems is therefore recommended in primary care. Second, this thesis highlights that 
assessing severity levels of alcohol use disorders and of drinking levels is important to 
identify who is at risk of a chronic course. Suggestions to optimize care therefore include 
development of an integrated stepped care approach to provide an optimal match 
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between disorder severity and treatment intensity. As mostly mild alcohol use disorders 
were observed in the general population, most people may sufficiently benefit from 
low-intensity treatment (e.g. e-health interventions; brief motivational interventions 
with or without pharmacological support) provided in primary care. Yet, timely referral 
to specialized treatment seems crucial for the small group with a severe or persistent 
disorder. Third, further research is recommended to examine which interventions 
are best suitable at which levels of alcohol use problems and to identify cut-offs for 
structured treatment allocation. To further optimize allocation of care, future research 
should examine transitions from one severity level of problematic alcohol use to the 
next. This is also underscored by the findings of this thesis, which showed a gradual 
nature of alcohol use disorders. 
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achtergrond

Alcohol speelt een belangrijke rol in onze samenleving: Nederlanders drinken gemiddeld 
1 alcoholische consumptie per dag en veel mensen hebben positieve associaties met 
drinken, ze vinden het bijvoorbeeld gezellig of lekker, of ze drinken als ontspanning. 
Overmatig gebruik en verslaving kunnen echter tot aanzienlijke problemen voor de 
gebruiker en zijn/haar omgeving leiden. De kosten van overmatig gebruik en verslaving 
voor de maatschappij zijn hoger dan van het gebruik van de meeste drugs. Indien 
een ongezond drinkpatroon resulteert in ernstige beperkingen in het functioneren 
(bijvoorbeeld op het werk of in de sociale relaties), wordt gesproken van een stoornis in 
het gebruik van alcohol. Naar schatting hebben een half miljoen Nederlanders jaarlijks te 
kampen met een dergelijke stoornis. Een ernstige alcoholstoornis kan gepaard gaan met 
veel ziekte en zelfs leiden tot vroegtijdig overlijden. Het verminderen van het risico op een 
alcoholstoornis in de algemene populatie zou daarom een prioriteit van de Nederlandse 
overheid moeten zijn. Om preventie en behandeling goed te kunnen inzetten, is meer 
informatie nodig over de risicofactoren voor het ontstaan, het beloop en de manier 
waarop mensen in de algemene bevolking met een alcoholstoornis hulp zoeken. Op dit 
moment is de meeste kennis hierover afkomstig uit onderzoek in klinische populaties 
terwijl de meeste mensen met een alcoholstoornis niet in behandeling zijn. Mogelijk 
zoeken zij geen hulp omdat ze onvoldoende gemotiveerd zijn, maar het zou ook kunnen 
dat hun problemen relatief mild zijn of omdat ze relatief weinig drinken. Bevindingen 
uit klinische populaties kunnen daarom niet zomaar geëxtrapoleerd worden naar de 
algemene bevolking en belangrijke vragen die beantwoord moeten worden zijn: 

•	 Welke mensen hebben een grotere kans op het ontwikkelen van een stoornis in 
het gebruik van alcohol? 

•	 Hoe hangt deze stoornis in de algemene bevolking samen met excessief drinken? 
•	 Wat bepaalt dat sommige mensen met een stoornis in het gebruik van alcohol in 

de algemene bevolking herstellen en anderen niet? 
•	 Wordt het zoeken van hulp voor een stoornis in het gebruik van alcohol bepaald 

door de ernst van de stoornis? 

Dit proefschrift onderzoekt deze vragen met gegevens van de ‘Netherlands Mental 
Health Survey and Incidence Study’ (NEMESIS-2); een longitudinaal bevolkingsonderzoek 
met 6.646 volwassenen (18-64 jaar) op de eerste meting en 5.303 bij de vervolgmeting 
na drie jaar. In deze studie zijn psychische stoornissen, waaronder ook stoornissen in 
het gebruik van alcohol, gedetailleerd vastgesteld in een representatieve steekproef 
van de Nederlandse volwassen bevolking. 

Beginnen met drinken en ontwikkeling van een alcoholstoornis
Hoofdstuk 2 laat zien dat bijna iedereen ooit in het leven alcohol heeft gedronken 
(94%), dat de meeste mensen (86%) ooit regelmatig hebben gedronken (≥ 12 drankjes 
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per jaar), en dat een vijfde van de mensen ooit in het leven een stoornis in het gebruik 
van alcohol ontwikkelt. Vervolgens zijn in hoofdstuk 2 twee potentiële risicofactoren 
voor het ontwikkelen van een alcoholstoornis onderzocht: ADHD in de kindertijd en een 
gedragsstoornis in de kindertijd. Volwassenen die ADHD in de kindertijd hebben gehad, 
waren vaker begonnen met drinken en met regelmatig drinken, en zij ontwikkelden vaker 
een alcoholstoornis. De aanwezigheid van een gedragsstoornis in de kindertijd was een 
sterke voorspeller van een alcoholstoornis, maar hing niet samen met de eerdere stadia 
van alcoholgebruik. Hoofdstuk 2 bevestigt dus de aanwezigheid van een duidelijke 
associatie tussen ADHD en gedragsstoornis in de jeugd met de aanwezigheid van een 
stoornis in het gebruik van alcohol in de volwassenheid. Bovendien blijken ADHD en 
een gedragsstoornis vaak samen voor te komen. Tenslotte blijkt de relatie tussen ADHD 
en de aanwezigheid van een stoornis in het gebruik van alcohol volledig te worden 
verklaard door de aanwezigheid van een gedragsstoornis. De oplopende leeftijden 
waarop ADHD, gedragsstoornis en alcoholstoornis ontstaan (respectievelijk 7, 12 en 
19 jaar) suggereren een ontwikkelingsmechanisme van ADHD naar gedragsstoornis en 
vervolgens naar alcoholstoornissen. Vroege interventies bij kinderen met ADHD zouden 
kunnen helpen een latere gedragsstoornis en daarmee ook een latere stoornis in het 
alcoholgebruik te voorkomen. Aandacht voor alcoholgebruik bij de behandeling van 
kinderen met ADHD of een gedragsstoornis zou de kans op alcoholstoornissen wellicht 
verder kunnen verkleinen.

De samenhang tussen excessief drinken en een alcoholstoornis
Hoewel het logisch lijkt dat excessief drinken een vereiste is voor een diagnose van een 
stoornis in het gebruik van alcohol, laat hoofdstuk 3 slechts een zwakke samenhang 
zien: slechts 18% van de mensen met een alcoholstoornis drinkt excessief. Excessief 
drinken is in dit hoofdstuk vrij streng gedefinieerd als zowel een hoge gemiddelde 
consumptie als frequent binge drinken (5 of meer drankjes bij één gelegenheid). Maar 
ook met minder strenge definities is een vergelijkbare beperkte samenhang zichtbaar. 
Om deze beperkte samenhang beter te begrijpen, zijn drie groepen problematische 
drinkers (alléén excessief drinken, alléén alcoholstoornis, beide) vergeleken met 
niet-problematische drinkers op demografie, mentale gezondheid, functioneren en 
zorggebruik. Vergeleken met niet-problematische drinkers, werd in alle drie de groepen 
problematische drinkers meer psychopathologie (depressie, angst en drugverslaving; 
ADHD in de kindertijd) en een verminderd functioneren gevonden. Al deze subgroepen 
lijken dus klinisch relevante pathologie te vertegenwoordigen. Degenen bij wie beide 
aspecten van problematisch alcoholgebruik aanwezig zijn (excessief drinken en een 
alcoholstoornis) lijken het meest kwetsbaar en zij hebben het vaakst een angststoornis, 
suïcide gedachten en/of een antisociale persoonlijkheidsstoornis. Hoofdstuk 3 laat ook 
zien dat respondenten in deze laatste subgroep vaker een laag opleidingsniveau en/of 
een laag inkomen hebben en dat ze vaker alleen wonen. In combinatie met resultaten 
uit eerder prospectief onderzoek, suggereren deze bevindingen dat deze kenmerken 
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kunnen helpen om mensen met een hoog risico op ernstige alcoholproblematiek te 
herkennen. De resultaten uit hoofdstuk 3 wijzen erop dat het voor het onderzoeken 
en behandelen van problematisch alcoholgebruik belangrijk is dat met beide aspecten 
(excessief drinken én alcoholstoornis) rekening wordt gehouden.

Beloop 
Hoofdstuk 4 laat zien dat alcoholstoornissen in de algemene bevolking vaak een 
gunstig beloop kennen: 70% herstelt binnen 3 jaar. Dit hoge herstelpercentage moet 
echter wel met de nodige voorzichtigheid worden geïnterpreteerd: meer dan een derde 
van de groep in diagnostische remissie drinkt nog steeds substantieel (meer dan 7 
drankjes per week voor vrouwen of meer dan 14 drankjes per week voor mannen). 
Bepaalde klinische kenmerken (bijvoorbeeld een groter aantal symptomen, meer 
beperkingen als gevolg van de stoornis en meer alcoholgebruik) bleken voorspellers 
van een chronisch beloop van de alcoholstoornis. Sociodemografische kenmerken, 
roken, comorbide depressie, drugsverslaving en kwetsbaarheidsfactoren (ouderlijke 
psychopathologie, traumatisering als kind) bleken niet geassocieerd met een chronisch 
beloop. Een comorbide angststoornis is echter wel een onafhankelijke voorspeller van 
chroniciteit. Samen verklaren deze factoren slechts een kwart van de variantie in de 
persistentie van een aanwezige alcoholstoornis en dus moeten er nog andere factoren 
zijn, hier niet onderzocht, die een rol spelen. 

Hoofdstuk 5 laat zien dat terugval na aanvankelijke diagnostische remissie van een 
alcoholstoornis zeldzaam is in de algemene bevolking. Slechts 12% van de mensen 
in diagnostische remissie ontwikkelde binnen 3 jaar opnieuw een alcoholstoornis. 
Hoofdstuk 5 laat verder zien dat de aanwezigheid van meer criteria voor de diagnose 
alcoholstoornis (≥ 6 criteria van alcoholstoornis ooit in het leven) en meer alcoholgebruik 
(wekelijks meer dan 14/21 drankjes voor vrouwen/mannen) onafhankelijke voorspellers 
zijn van terugval. Daarnaast blijkt dat overmatig drinken tijdens remissie (wekelijks meer 
dan 7/14 drankjes voor vrouwen/mannen) de kans op terugval sterk verhoogt, vooral bij 
mensen die in het verleden voldeden aan veel criteria van de alcoholstoornis en erg veel 
dronken. Dit duidt erop dat aandacht voor drinkpatronen tijdens remissie van belang 
is voor behandeling en terugvalpreventie. Met name mensen met een geschiedenis 
van ernstige alcoholproblematiek hebben mogelijk baat bij abstinentie of een erg laag 
niveau van alcoholgebruik. Gecontroleerd drinken op een hoger niveau lijkt alleen een 
optie bij degenen zonder een geschiedenis van ernstige problematiek of in combinatie 
met medicatie. 

Zorggebruik
Hoofdstuk 6 laat zien dat slechts 10% van de mensen met een alcoholstoornis in de 
algemene bevolking gedurende vier jaar hulp zocht voor hun alcoholproblemen. Een 
derde (35%) zocht hulp voor andere emotionele of drugsproblemen en meer dan de 
helft van de mensen met een alcoholstoornis zocht of kreeg geen professionele hulp 

149



Sa
m

en
v

a
ttin

g
 (Su

m
m

a
ry

 in
 D

u
tc

h
)

in een periode van vier jaar. Deze cijfers suggereren het bestaan van een aanzienlijke 
‘behandelkloof’. Uit dit proefschrift blijkt verder dat mensen die behandeling ontvangen 
voor hun alcoholproblemen gemiddeld meer symptomen en meer beperkingen als gevolg 
van de alcoholstoornis hebben en vaker een comorbide stemmings- of angststoornis 
hebben dan mensen met een alcoholstoornis die hiervoor geen hulp zoeken. Degenen 
die hulp ontvangen voor andere emotionele problemen of drugsproblemen hebben 
vaker een comorbide stemmings- of angststoornis dan mensen die helemaal geen 
hulp ontvangen. Ten opzichte van mensen die hulp zochten voor hun alcoholstoornis, 
vertonen mensen die geen hulp ontvangen en mensen die hulp ontvangen voor andere 
emotionele problemen een veel beter beloop met veel hogere herstelpercentages: 78% 
en 64% versus slechts 29%. Dit lijkt te duiden op adequaat hulpzoekgedrag: degenen 
met een chronisch beloop zoeken vaker professionele hulp voor hun alcoholproblemen. 
Tot slot werd gevonden dat het functioneren van de mensen met een alcoholstoornis 
die helemaal geen zorg hadden ontvangen na drie jaar vergelijkbaar was met het 
functioneren van een gezonde vergelijkingsgroep: mensen die op de nulmeting nog 
nooit een alcoholstoornis hadden gehad en die ook geen andere psychische stoornis 
hadden. Dit wijst erop dat de onvervulde zorgbehoefte waarschijnlijk beperkt is tot de 
groep mensen zonder zorg met een persistente stoornis (22% van de mensen die geen 
hulp ontvangen). Samenvattend lijkt de ‘behandelkloof’ minder problematisch dan vaak 
wordt verondersteld: mensen die de zorg het meest nodig hebben lijken de weg naar 
de verslavingszorg redelijk goed te vinden en degenen die geen zorg krijgen hebben 
over het algemeen milde problemen en een gunstig beloop. 

discussie

Bijna iedereen heeft ooit in het leven alcohol gedronken en ongeveer een vijfde 
van de Nederlandse volwassenen ontwikkelt ooit in het leven een alcoholstoornis. 
Daarbij hebben volwassenen die een externaliserende stoornis in de kindertijd hebben 
gehad vaker een alcoholstoornis: ADHD in de kindertijd lijkt via de ontwikkeling van 
gedragsstoornis te kunnen leiden tot een alcoholstoornis in de volwassenheid. Dit 
betekent dat de vroegtijdige herkenning en behandeling van deze externaliserende 
stoornissen in de kindertijd mogelijk kan bijdragen aan het voorkomen van latere 
alcoholstoornissen. 

Opmerkelijk is dat de meeste mensen met een stoornis in het gebruik van alcohol in 
de algemene bevolking milde en voorbijgaande problemen hebben: 75-80% drinkt niet 
excessief, 70% herstelt binnen drie jaar en slechts 12% van de mensen in diagnostische 
remissie recidiveert. Het lijkt daarom efficiënt om behandeling van de stoornis vooral in 
te zetten op die mensen die een vergroot risico hebben op een ernstige en/of chronische 
stoornis: degenen met een hoog drinkniveau, veel alcoholsymptomen en comorbide 
psychopathologie, met name angststoornissen.
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Ondanks dat slechts 10% van de mensen met een alcoholstoornis hulp zocht 
voor deze problemen, lijkt de ‘behandelkloof’ minder problematisch dan vaak wordt 
verondersteld. De mensen die wel hulp zochten voor hun alcoholproblemen hadden 
meestal een chronisch verlopende aandoening, terwijl degenen die geen hulp ontvingen 
juist een gunstig beloop hadden. Dit wijst erop dat pogingen om de toegang naar 
behandeling van alcoholproblemen te vergemakkelijken zich vooral zouden moeten 
richten op risicogroepen: degenen met een hoog drinkniveau en ernstige alcohol 
gerelateerde problemen.

Deze bevindingen hebben een aantal implicaties voor de klinische praktijk en voor 
toekomstig onderzoek. Allereerst spelen de huisarts en de POH-GGZ in toenemende 
mate een cruciale rol in de herkenning van alcoholstoornissen. Dit pleit voor screening 
in de huisartsenpraktijk met daarbij aandacht voor zowel de mate van alcoholgebruik 
als voor het aantal symptomen van een alcoholstoornis. Ten tweede benadrukt dit 
proefschrift dat het meten van ernstniveaus van de alcoholstoornis en van drinkpatronen 
van belang is om de kleine groep met een ernstig beloop te herkennen. Suggesties voor 
verbetering van zorg omvatten daarom ook de ontwikkeling van een ‘stepped care’ 
benadering voor behandeling, waarbij de ernst van de alcoholproblematiek (hoeveel 
alcohol, aantal symptomen) en de intensiteit van de behandeling goed op elkaar 
kunnen worden afgestemd. Het grote aantal mensen met een milde alcoholstoornis 
in de algemene bevolking heeft in veel gevallen voldoende baat bij interventies met 
een (relatief) lage intensiteit (bijvoorbeeld e-health interventies of korte motiverende 
gespreksvoering met of zonder medicamenteuze ondersteuning) verleend in de 
huisartsenpraktijk. Daarentegen lijkt tijdige verwijzing van groot belang voor de kleine 
groep met een ernstige en/of chronische alcoholstoornis. Nadere bestudering van 
de overgang van het ene ernstniveau van alcoholproblematiek naar het volgende is 
nodig voor een juiste toewijzing van zorg. Dit belang wordt onderschreven door dit 
proefschrift waarin het geleidelijke karakter van alcoholproblematiek duidelijk naar 
voren komt. 
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Peggy, na ruim een jaar zijn de rollen omgedraaid en ben jij mijn paranimf. Met 
jouw energie en liefde voor onderzoek ben je de afgelopen jaren een voorbeeld voor 
me geweest. Maar niet alleen dat, je was ook een trouwe meelezer, sparring-partner, 
mental coach, (borrel)maatje en laten we eerlijk zijn, anonieme co-auteur. Mijn dank 
is immens groot en ik ben blij dat je straks naast me wilt staan! Nina, we zijn al sinds 
de brugklas bevriend en jij was degene die mij er dik vijf jaar geleden op wees dat het 
Trimbos misschien leuke vacatures had. Je hebt dus in feite de basis gelegd voor dit 
geheel. Daarnaast heb ik de afgelopen jaren lief en leed met je kunnen delen tijdens de 
vele lunch- en theepauzes op het Trimbos, maar zeker ook daarbuiten. Ik ben je heel 
dankbaar dat je altijd voor me klaarstaat en dat je mijn paranimf wilt zijn. 

Saskia, mijn kamergenoot en ‘drill instructor’ op het gebied van data-cleaning en 
-analyse. Al vrij snel na mijn eerste werkdag werd ik gewaarschuwd dat niemand het 
bij je volhield op de kamer. Ik kan me echter geen betere kamergenoot voorstellen 
en hoop dat we samen nog lang door kunnen als Statler en Waldorf! Bedankt voor 
de ontelbare keren dat je ‘even’ hebt meegekeken, maar zeker ook voor je peptalks, 
interesse en de lol die we samen hebben. Daarnaast wil ik de andere collega’s van 
Epidemiologie & Research support graag bedanken. Marloes, als programmahoofd 
stimuleer je me om mezelf verder te ontwikkelen en over drempels heen te stappen. 
Jouw vertrouwen en ondersteuning helpen mij daar zeker bij. Karin, ik moet vaak enorm 
lachen om jouw ‘domme’ vragen en zeker op stille dagen waren die vragen een fijn 
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excuus om even te pauzeren en bij te praten. Jacqueline, ik vind het knap hoe jij altijd 
de kalmte weet te bewaren en jouw relativerende opmerkingen hebben me geholpen 
de dingen in perspectief te plaatsen. Evelien, toen ik binnenkwam bij het Trimbos werd 
jij aangewezen als mijn mentor en heb je me wegwijs gemaakt. Nog steeds kan ik altijd 
bij je terecht (zelfs nu je officieel niet meer bij ‘epi’ hoort) en dat waardeer ik enorm. 
Jasper, ik bewonder jouw stressbestendigheid en ik vond het een voorrecht om vorig 
jaar met je samen te werken voor de trendrapportages. Ellen, het maakte niet uit welke 
klus ik voor je had bedacht, je was altijd enthousiast en deed het heel secuur, dank 
daarvoor. Yvonne, Harry en Nancy, jullie vertegenwoordigen sinds kort de ‘Research 
support’-tak van ons programma, ik hoop veel van jullie te kunnen leren! 

Los van mijn programma wil ik nog een aantal (ex-)collega’s bedanken. Anouk en 
Froukje, ik waardeer het zeer dat jullie altijd, zelfs tijdens verhuizingen, de tijd vonden 
om mijn stukken te lezen. Marja, ondanks je overstap naar een ander programma ben 
je interesse blijven tonen in mijn ontwikkeling en in de afronding van dit proefschrift. 
Een deel van dit proefschrift heb ik geschreven op het AMC, en ook daar voelde ik 
me altijd gesteund. Bep en Marianne, jullie wisten als geen ander om te gaan met 
(wijzigingen in) het promotiereglement en alles wat daarbij komt kijken. Maarten, jij 
bent een grootheid op het gebied van statistiek. Mark Bench en de rest van de AIAR 
journal club: dank voor jullie luisterend oor, kritische blik en adviezen!

Lieve vrienden en (schoon-)familie, zonder jullie had ik het nooit gered en jullie 
zijn me zeer dierbaar. Een aantal mensen wil ik in het bijzonder bedanken. Jiska, Nina 
en Tanja, voor het eerst in ruim 10 jaar wonen we weer op een steenworp afstand 
van elkaar. Dat maakt afspreken een stuk makkelijker dus wat mij betreft wordt er nu 
niet meer verhuisd! Sanne, onze traditie om series te kijken hebben we na Maastricht 
gelukkig kunnen volhouden, al moeten we er soms helemaal voor naar de Spaanse zon. 
Femke, Joris, Menno en Rick. De theatervoorstellingen, weekendjes weg, etentjes en 
andere legendarische activiteiten deden me mijn proefschriftstress altijd even vergeten. 
Jan en Ria, jullie vertrouwen en onvoorwaardelijke steun hebben me gebracht waar ik 
nu ben, ik kan jullie daar niet genoeg voor bedanken. En tot slot, Mike. Dat jij het deze 
periode, en vooral het afgelopen jaar, met mij hebt volgehouden is een wonder. Dank 
voor alles. Ik kan met niemand zo goed relaxen en lachen als met jou, en dat gaan we 
nu weer vaker doen. Si.
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